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ABSTRACT 


An auto vehicle that can take off and land vertically is envisioned to solve current 
and future problems of road congestion by utilizing the enormous air space above us. 
Crossflow Fan has been looked into in the past to serve this purpose but not sufficient to 
justify its capability to provide enough vertical thrust with limited power and space. 
Hence more in depth study is required to further improve the thrust efficiency and thrust 
to power ratio to a point where this thrust producing method is viable. 

A 12-inch diameter, 1.5-inch span, 30-blade Cross Flow fan test apparatus was 
constructed and tested using an existing Turbine Test Rig (TTR) as a power source. 
Instrumentation was installed and a data acquisition program was developed to measure 
the performance of the Crossflow Fan. Performance measurement was taken over a 
speed range of 1,000 to 6,000 RPM. 

An experiment was conducted with the Crossflow Fan to determine among other 
things the stalling characteristics of the compressor. Performance and flow visualization 
results were then compared to predictions obtained from 2-D numerical simulation 
conducted using Flo++, a commercial PC-based computational fluid dynamics software 


package by Softflo. 
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I. INTRODUCTION 


A. OVERVIEW 

As the world population increases, road congestion will become increasingly 
prevalent. It is commonly believed that there will be a demand for personal air vehicles in 
the near future. Hence a vehicle that can take off and land vertically is envisioned to 
solve this problem by utilizing the enormous air space above us. By using the air space, a 
new type of transportation can be created that doesn't rely on roads, which could one day 
make traffic jams a 20th century relic. In the past, airplanes and automobiles have 
changed the way we all live one way or another. The advancement of technology has 
made vehicles more affordable for the general population to travel in. They also allowed 
the population to move farther away from cities, and airplanes have cut travel time to 
faraway destinations considerably. Now the next milestone of the 21“ century is to merge 
the features of an automobile and an airplane, in short what is needed is a flying 
automobile. 

In line with this vision, NASA’s General Aviation Program (GAP) aims to 
provide doorstep to destination travel at four times the speed of highways to 25 percent of 
the nation's suburban, rural, and remote communities by 2007 and more than 90 percent 
by 2022. To accomplish this goal NASA have invested in the revolutionary technologies 
necessary not only to build the next generation of vehicles for business and personal air 
transportation but also to train the average person to safely operate them. To bring this 
type of transportation capability to the average person, the vehicles must be easier and 
safer to operate and the related training simplified and reduced in cost (both in time and 
money). Follow-on investments are now being made to create the infrastructure, referred 
to as the Small Aircraft Transportation System, which are also necessary for reaching 


NASA’s goals [Ref. 1]. 


One such program that supports NASA’s GAP is the development of civil 
alternatives to private ground transport; the intent being to reduce ground traffic by 
replacing the private automobile with a similarly-sized and purposed vertical takeoff and 
landing (VTOL) vehicle. This would serve the purpose of reducing ground traffic 


without requiring runways. Some might argue that there are already many VTOL aircraft 
1 


flying in the form of helicopters, which obtain their vertical lift from the thrust of large 
rotors, and utilize the horizontal force for forward speed from the horizontal component 
of the rotor thrust. Due to the way a helicopter obtains its horizontal thrust, the speed is 
limited. It is hence desirable for a VTOL aircraft to achieve what the helicopter lags in 
terms of speed. Another disadvantage of helicopter is the higher risk for potential 
property and body damage due to close proximity operations. Likewise, jet engines could 
create a serious fire, noise, and foreign object debris hazard when used outside the 
controlled atmosphere of the conventional runway. It also has the additional drawback of 
being prohibitively expensive to purchase and maintain in relation to the automobile's 
internal combustion engine. Hence, it is desirable to have VTOL designs that do not 
incorporate exposed nor hazardous propulsion systems but are still able to satisfy the high 
lift and flight performance requirement. 

The main objective of this thesis is hence targeted at evaluating one such device, 
the Crossflow Fan (CFF), to determine an optimal configuration that is suitable for this 
purpose. CFFs have been investigated in the past but not sufficient to justify its capability 
to provide enough vertical thrust with limited power and space. Despite an in-depth 
knowledge of the design parameters and airflow relationships in the crossflow fan, the 
existing data supports the hypothesis that with further development the thrust efficiency 
and thrust to weight ratio could improve to a point where this thrust producing method is 
viable. 

Experiments were conducted using the existing Crossflow Fan Test Assembly 
(CFTA) which was established at the Naval Postgraduate School Turbopropulsion 
Laboratory [Ref. 5]. In the present study, the 30-blade, 12 inch diameter and 1.5 inch 
span CFF was used to determine the performance characteristics at speeds varying from 
1,000 RPM to 6,000 RPM. At each of the speeds measurements taken from full open 
throttle to stall. Studies of different cavity configurations for the CFTA were also made. 

A commercial PC-based computational fluid dynamics software package by 
Softflo Flo++, was used to conduct a 2-D numerical simulation on the CFF. The main 
aim is to represent the numerical model as close to the actual CFTA. The results obtained 


from the numerical runs are compared to those obtained from experiment. 


B. BACKGROUND 

The design of Vertical and Short Takeoff (V/STOL) aircraft encompasses a broad 
and diverse range of complex engineering problems. Research and development of 
V/STOL aircraft have produced a bewildering variety of configurations, as illustrated in 
Figure 1, a summary compiled in 1977 which includes only vehicles with V/STOL 
capabilities. The most challenging task of designing a successful V/STOL aircraft is to 
conceive of a configuration that can achieve optimal thrust to weight ratio and thrust to 


power (1.e. efficiency) [Ref. 2]. 
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Figure 1. V/STOL Aircraft Summary (From Ref. 2) 


One of the possible propulsion systems for V/STOL aircrafts is a CFF. Back in 
1975, Vought Systems Division (VSD) (a division of the LTV Aerospace Corporation) 
was awarded a 12 month contract “Multi-Bypass Ratio Propulsion System Technology 
Development” by the Naval Air Systems Command [Ref. 3]. The main objectives were 
to verify the performance capabilities of the Multi-Bypass Ratio (MBPR) Propulsion 
System through additional tests of the CFF and to conduct studies of the fan structure and 
fan system. VSD designed, constructed and tested a CFF measuring 12 inches in diameter 
and both 1.5 inches and 12 inches in span between 6,000 and 13,000 RPM in order to 
establish baseline performance. Several configurations of a typical setup as shown in Fig. 
2 [Ref. 3], which included varying the shape of the low and high cavities, different blade 
designs and the different area of the exhaust outlet, were used to measure the 
performance of the CFF. The cavities were used to influence the recirculation flow 
vortices while the ratio of the fan inner to outer radius also greatly affected the 
performance. Even though extensive tests had been conducted for several configurations, 
the optimal design parameters were too complex to be determined. In this project, the 
experimental setup of the CFF was modeled after one of the most optimal configurations 


determined by VSD. 
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Figure 2. Typical Fan Housing Setup (From Ref. 3) 


In line with NASA’s interest, Naval Postgraduate School (NPS) Aeronautical 
Turbomachinery Laboratory was tasked to pursue the CFF in more detail. A thesis was 
written based on evaluating the performance of the CFF, similar to that from VSD, 
through experiments as well as numerical simulation [Ref. 5]. A speed range of 1,000 to 
6,000 RPM was covered in the experiment. Results were comparable to those measured 
by VSD. The highest thrust-to-power ratio was obtained at 3,000 RPM. Flow 
visualization was also conducted using dye-injection methods. The results from the 
experiment were then compared to predictions obtained form a 2D numerical simulation 
by Flot++. Seaton [Ref. 5] was only able to model a 15 bladed rotor and an 
incompressible solution was achieved at a fan speed of 3,000 RPM in a reasonable 
computational time. The flow fields and performance parameters predicted were similar 


to those obtained from the experiments. 
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I. EXPERIMENT SETUP AND RESULTS 


A. CROSSFLOW FAN DESIGN AND SETUP 

1. Test Rig 

The Turbine Test Rig (TTR) at the Naval Postgraduate School Turboproplusion 
Laboratory was used as a power source for the Crossflow Fan Test Assembly (CFTA). 
The TTR comprised of an air supply system and associated piping, test cell, data 
acquisition system, and the turbine from Space Shuttle Main Engine HP Fuel Turbopump 
(SSME HPFTP). The air supply system consisted of a 1,250 horsepower (HP) electric 
motor which drove an Allis Chalmers 12 stage axial compressor at 12,000 RPM through 
a gearbox. The compressor was capable of providing 10,000cubic feet per minute of air at 
a maximum pressure of 30psig. A schematic of the air supply system is shown in Figure 
3. 

ve, Crossflow Fan 

The CFTA was modeled closely after VSD Multi-Bypass Ratio System test 
assembly #6 [Ref. 3]. The initial set of tests was conducted using the standard CFTA 
configuration as described in [Ref. 5] and the second set of tests was done with the 
addition of an in inlet bellmouth and exhaust ducting with a throttle valve at the exit. The 
inlet bellmouth had a two-to-one elliptic section with a throat diameter of 6.25 inch and 


the exhaust was constructed out of a PVC pipe and throttling valve. 


The fan rotor was assembled from a machined disc with 30 rotor blades and a 
retaining ring as shown in Figure 4. The rotor disc was then secured to the drive shaft via 


three countersunk screws. 
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Figure 3. Schematic Layout of Air Supply System (From Ref. 5) 





Figure 4. Fan Rotor (From Ref. 5) 


The CFTA front plate provided for the replacement of the aluminum plate with a 
Plexiglas viewing window. Both the options contained inner blanks that could be rotated 
to provide for alternate positioning of pressure/temperature probes and/or dye injectors. 
The cavity components and exhaust duct wall were secured in place between the CFTA 
front and back plates. Figure 5 shows the partially assembled CFTA and Figure 6 shows 


the complete standard baseline assembly used for the initial setup of tests. 





Figure 5. Partially Assembled CFTA (From Ref. 5) 
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Figure 6. CFTA1 for Test Plan 1 


For the second set of tests conducted, a bellmouth was bolted to a wood and 
aluminum plenum chamber which was constructed around the inlet of the CFF as shown 
in Figure 7. The purpose of the bellmouth was to meter the air mass flow rate into the 
system. Three static pressure taps were placed around the throat of the bellmouth in order 
to measure static pressure which in turn was used to calculate mass flow rate. The 
exhaust outlet was extended with a 6.25 inch diameter, 25 inch long PVC pipe. A throttle 
control, as shown in Figure 7, was installed at the end of the PVC pipe. The main purpose 
of this throttle was to vary the mass flow rate and hence the other performance 


parameters in order to obtain the characteristic curves of the CFF at different speeds. 
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Figure 7. CFTA2 for Test Plan 2 


B. CONTROLS AND INSTRUMENTATION 

The TTR and CFTA were operated from the control station as shown in Figure 8. 
The air flow to the turbine was controlled from the operator’s console by activating an 
electric valve in the test cell. Two thermocouples were used to measure the bearing 
temperatures to ensure that they don’t overheat and hence causing seizure. Two 


accelerometers were also used to monitor the vibration levels on the TTR and CFTA. 
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Figure 8. Control Station (From Ref. 5) 


Instrumentation for data collection consisted of several combination 
pressure/thermocouple probes and static pressure taps to capture the information for data 


reduction. 


Three static pressure probes were installed around the neck of the bellmouth, 
which was used in the final set of tests, as shown in Figure 9 and known as Pnoz1, Pnoz2 
and Pnoz3. Two combination probes were placed at approximately 10 o’clock and 2 
o’clock positions viewed from the front as shown in Figure 9 known as T1 and T2. Three 
combination probes, as shown in Figure 11 and known as T3, T4 and T5, were installed 
in the exhaust duct to detect the total pressure and temperature profiles along the 


centerline of the exit. The 12 inch diameter static pressure taps (Pa through Pr in Figure 


12 


9) were drilled normally into the cavities and exhaust duct walls.. Instrument 


nonmenclature is provided in Table 1. 


a 


Pout CFF / Tout CFF (Mid) 


Combo 
Combo 
[Stato [SS 
a a 


T2 
T3 
T4 
T5 


4 
ox 


4/4 
oo| 


Table 1. | Combo Probe / Pressure Tap Nonmenclature 





13 


Inlet bellmouth 











Figure 9. Combo Probes and Pressure Taps Layout 


C. DATA ACQUISITION SYSTEM 

1. Hardware 

A full description of the data acquisition system can be found in [Ref. 5]. The 
system hardware layout is shown in Figure 10. Table 2 lists the Scanivalve port 
assignments for the pressure lines and Table 3 lists the thermocouple multiplexer channel 


assignments for thermocouple lines. 
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Table 2. Scanivalve Port Assignments 
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Figure 10. Data Acquisition System Layout (From Ref. 5) 
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Table 3. Thermocouple Scanning Multiplexer Channel Assignments (From Ref. 5) 
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2. Software 

The data obtained from all the probes were recorded by a software 
program written in HPVEE. A routine was created in [Ref. 5] and used to capture, 
calculate and output all the parameters required to study the CFF performance. An 


example of the User Control Panel is shown in Figure 11. 


ai Main 1x} 















































Figure 11. HPVEE User Control Panel (From Ref. 5) 


D. TEST PLAN 

iL, Test Plan 1 — Baseline Configurations 

The test assembly used for these tests was shown in Figure 6. Four configurations 
were chosen for evaluation, which was a similar setup used in [Ref. 5]. The four 
configurations tested were a permutation between opening and closing the low pressure 
(LP) and high pressure (HP) cavities. The main objective was to understand the 


difference in performance between the four configurations namely; 
e Both cavities opened 
e Both cavities closed 
e LP cavity closed and the HP cavity opened 


e HP cavity closed and the LP cavity opened 
17 


With these four configurations, the CFF was run at five speeds starting from 
1,000 RPM up to 5,000 RPM in 1,000 RPM intervals. Pressure and temperature values 
were recorded at every speed. Primary data reduction was carried out in the HPVEE 


acquisition program. 


A detailed discussion on the equations used to derive the performance parameters 


were discussed in [Ref. 5]. Some of the more important equations are as follows: 


The total-to-total pressure ratio and temperature ratio for the CFF are given by 


P. T 


_ ~ out,CFF (avg) __ ~ out,CFF (avg) 
cre = P and Corr = Tr (1) 


in,CFF (avg) in,CFF (avg) 


where Pourcrr(avg) ANd Tow,crryavg) are the average total-to-total pressures and 
temperatures of the three CFF exhaust duct combination probes T3, T4 and TS. Pin crriavg) 
and Tincrr avg) are the average total-to-total pressures and temperatures of the two CFF 


inlet combination probes T1 and T2. 


Compression efficiency through the CFF was calculated from the values found in 


(1) above, using the isentropic efficiency: 
1 
Nore =< — (2) 


assuming y = 1.4. 


CFF performance values were corrected to standard atmospheric conditions, such 


that: 


Lee a Bald ? corr = a > ARs; > a (3) 
6 Nt) OVO 


where m is the mass flow rate in lbm/sec, N is fan speed in RPM, HP is the horse power, 


0 = Lin CFF (ave) and A _ P.,. CFF (ave) 
= ——_——_., =e 


. T,er and P,er were standard atmospheric temperature 
ref ref 


(518.7 °R) and pressure (29.92 inHg), respectively. 
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2, Test Plan 2 — Throttling Studies 


The test assembly used for this test was shown in Figure 7. Two configurations 
were evaluated. The first configuration had both the LP and HP cavities open (baseline 


geometry) and the second configuration had both the cavities blanked off. 


With these two configurations, the CFF was ran at five speeds starting from 2,000 
RPM up to 6,000 RPM in 1,000RPM interval. At every speed, the exhaust throttle was 
closed slightly to simulate a back pressure on the CFF. A total of eight positions were 
tested for every speed line. By doing so, the compressor performance map for the CFF 


could be obtained. Table 4 shows the test matrix for the whole experiment. 


















































Both Cavities Opened Both Cavities Closed 
Fully — opened 
Throttle ie 
ses 2,000RPM 
Eight Throttling Partially opened NN 3,000RPM 
Positions Throttle 4,000RPM 
ak ; 5,000RPM 
Maximum 6,000RPM 
Throttle closure 














Table 4. Experimental Test Matrix for Test Plan 2 


Seaton [Ref. 5] used the three exit plane combination probes to calculate the mass 
flow rate through the CFF by integrating the velocity profile obtained by only three 
measurement points. In the present study, the inlet bellmouth was added to give a more 


accurate measurement of inlet flow which is one of the standard ways of obtaining mass 


flow rate. 
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E. RESULTS AND DISCUSSION 
1. Test Plan 1 

a. Discussion on Performance Plots 

Performance data were plotted and analyzed for the four CFF 
configurations tested. These plots included total-to-total pressure versus corrected mass 
flow rate, total-to-total temperature versus corrected mass flow rate, efficiency versus 
speed, corrected mass average mass flow versus corrected speed, corrected mass 
averaged power versus speed, thrust versus corrected speed and corrected thrust versus 


power. The plots were illustrated from Figure 12 to Figure 18. 


Figure 12 shows a plot of total-to-total pressure versus corrected mass 
flow rate for the four configurations tested. We observed that t-t pressure increased at an 
increasing rate with mass flow rate and other than the both cavities closed configuration, 
all the other three curves collapsed onto one curve. The highest t-t pressure of 1.17 was 
achieved at a mass flow rate of 1.8 lbm/s, speed of 5,000 RPM with the both cavities 
opened configuration. The LP cavity opened, HP cavity closed configuration follows the 


above mentioned curve closely. 
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Figure 12. T-T Pressure Ratio versus Corrected Mass Flow Rate 
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Figure 13 shows a plot of total-to-total temperature versus corrected mass 
flow rate for the four configurations tested. The trends of the curves are similar to that of 
Figure 12. Both cavities opened configuration was slightly above the three curves and 
hence had larger t-t temperature values for the same mass flow rate. And this value was 


1.068 achieved at a mass flow rate of 1.8 lbm/s, speed of 5,000 RPM. 
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Figure 13. T-T Temperature Ratio versus Corrected Mass Flow Rate 


Figure 14 shows a plot of efficiency versus corrected speed for the four 
configurations tested. The efficiencies were in the region of 66% to 74% for all the four 
configurations between speeds of 3,000 RPM and 5,000 RPM. The efficiencies dropped 
drastically when the speed was reduced from 3,000 RPM to 1,000 RPM. The lowest 
efficiency of 0.22 was seen with the both cavities opened configuration. As discussed 
before, the t-t temperature ratio for this configuration was higher than the rest. And since 
t-t temperature ratio has an inverse relation with efficiency, the efficiency for this 
configuration was the lowest compared to the other configurations. The highest efficiency 
occurred for the LP cavity closed configuration between speed of 3,000 RPM and 5,000 
RPM. 
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Figure 15 shows a plot of corrected mass flow rate versus corrected speed 
for the four configurations tested. As expected, the mass flow rate was directly 


proportional to the speed as shown by the linear curves. 
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Figure 16 shows a plot of corrected mass averaged power versus corrected 
speed for the four configurations tested. The mass average power increased at an 
increasing rate with corrected speed for all the configurations. This phenomenon 
indicated that as the rotor speed was increased to obtain more thrust, the unit power 


consumption also increased. Hence operating at high rotor speed might not be advisable. 
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Figure 16. Corrected Mass Averaged Power versus Corrected Speed 


Figure 17 shows a plot of corrected thrust per foot span versus corrected 
speed for the four configurations tested. The maximum thrust occurred at 5,000 RPM for 


the both cavities opened configuration. 
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Figure 17. Corrected Thrust versus Corrected Speed 


Figure 18 shows a plot of corrected thrust per foot span versus corrected 
power for the four configurations tested. Other than the both cavities opened 
configurations curve, the other three curves fall onto the same line. The curves also 
increased at a decreasing rate and hence suggesting that the amount of thrust obtained per 


unit power increased with speed. This phenomenon only occurred after 3,000 RPM. 
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Figure 18. Corrected Thrust versus Corrected Power 
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b. Flow Visualization 

Flow visualization was conducted with the aim of understanding the major 
flow features in the CFF. In Figure 19, the visualization due to three dyes injected in the 
left, center, and right ports of the Plexiglas inner blank for the both cavities opened 
configuration was shown [Ref. 5]. All flow visualization was performed at a rotational 
speed of 3,000 RPM. The picture shows the re-circulating streamlines inside the fan core 
and the centre of vortex at the LP cavity. Figure 20 shows the flow visualization for the 
both cavities closed configuration. The centre of vortex became smaller and its location 


had shifted downwards compared to that from Figure 19. 





Centre of 
Vortex 


Figure 19. Flow Visualization for Both Cavities Opened Configuration 


23 


Centre of 
Vortex 





Figure 20. Flow Visualization for Both Cavities Closed Configuration 


2. Test Plan 2 

a. Discussion of Performance Plots 

Performance data were plotted and analyzed for the two CFF 
configurations tested. These plots included total-to-total pressure versus corrected mass 
flow rate, total-to-total temperature versus corrected mass flow rate, efficiency versus 
corrected mass flow rate, corrected thrust per unit foot of span versus corrected mass 
flow rate, corrected thrust per unit foot of span versus corrected mass averaged horse 
power (HP) and corrected mass average HP versus corrected mass flow rate. The plots 


were illustrated from Figure 21 to 32. 


Starting from full open on the throttle, for each speed, the total pressure 
dropped as the mass flow rate was decreased as shown in Figure 21. This characteristic is 
similar to centrifugal compressors which have forward swept vanes. For the baseline case 
the characteristic started out relatively flat and then increased in slope as the fan was 
taken into stall (the last point on the curve). In contrast, the configuration with the 
cavities blanked off exhibited nearly linear behavior with throttling over the whole speed 
range tested as shown in Figure 22. This configuration produced a slightly lower peak 
pressure ratio (1.23 versus1.27) and mass flow rate (2.24lbm/sec versus2.38lbm/sec) at 
6,000 RPM than the baseline configuration. 
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Similarly, the temperature ratio for the baseline configuration as shown in 
Figure 23 showed a non-linear behavior when compared to the blanked off configuration 
Figure 24, particularly for the two highest speed lines of 5,000 and 6,000 RPM. 
Maximum temperature ratios of approximately 1.1 and 1.085 were achieved at mass flow 
rates of 2.4 lbm/s and 2.25 lbm/s respectively at the 6,000 RPM for baseline 
configuration and that with both cavities blanked off. 


From the efficiency formula (2), which is a function of both pressure and 
temperature ratios, the efficiency versus corrected mass flow rate plots were obtained as 
shown in Figure 25 and 26. The sharp increase in temperature ratio across the baseline 
configuration at stall resulted in a sharp drop in efficiency at stall from a peak value 
around 70% to below 30% and interestingly all the speed lines tend to converge to the 
same point. The configuration with the cavities blanked off had a slightly higher peak 
efficiency in the mid 70% range which did not decrease as noticeably near stall. The 
drastic drop in efficiency is known to be the stall condition for the CFF. It seemed that 
the dropped in efficiency during stall was more drastic for the baseline configuration 
compared to both cavities blanked off as seen from the efficiencies values at the region of 
0.6 lbm/s to 0.8 Ibm/s. This meant that the baseline configuration was more sensitive to 


the change in mass flow rate compared to the blanked off configuration. 
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Figure 21. T-T Pressure Ratio versus Corrected Mass Flow Rate for Baseline 
Geometry 
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Figure 22. T-T Pressure Ratio versus Corrected Mass Flow Rate of Baseline 
Geometry for Both Cavities Blanked Off 
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Figure 23. T-T Temperature Ratio versus Corrected Mass Flow Rate for Baseline 
Geometry 
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Figure 24. T-T Temperature Ratio versus Corrected Mass Flow Rate of Baseline 
Geometry for Both Cavities Blanked Off 
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Figure 25. Efficiency versus Corrected Mass Flow Rate for Baseline Geometry 
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Figure 26. Efficiency versus Corrected Mass Flow Rate for Both Cavities Blanked 
Off 


The thrust per foot span versus mass flow rate plot for the baseline 
configuration, as shown in Figure 27, almost collapsed onto a single curve, which 
surprisingly was the case for the configuration with the blanked cavities as shown in 
Figure 28. This indicated that the same thrust could be obtained with the fan operating at 
5,000 RPM at full open throttle versus the rotor turning at 6,000 RPM at partial mass 
flow rate. However, the 5,000 RPM operation was at a reduced power consumption of 
25HP versus 35HP at 6,000 RPM. The maximum thrust per foot span obtained for the 
baseline configuration was 370lbf at 2.4 lbm/s while the maximum thrust per foot span 
obtained for both blanked off configuration was 340 Ibf at 2.25 Ibm/s. 


The corrected mass averaged HP versus corrected mass flow rate plots, as 
shown in Figure 29 and 30, had similar curve profiles as the thrust to mass flow rate plots 
except that they do not collapse onto a single curve. Peak power consumption obtained 
for the baseline was 42HP at 2.4lbm/s and the peak power consumption obtained for the 
configuration with both cavities blanked off was 35HP at 2.25lbm/s. 


The thrust per foot span versus corrected mass averaged power is shown in 
Figure 31 and 32. The maximum thrust-to-power ratio (lbf/hp) for the baseline 


configuration was 27.3 at 2,000 RPM and open throttle, which decreased to 9.0 at 6,000 
30 


RPM. These values were slightly up, 31.2 and 9.9 respectively, for the blanked-off 
configuration. The conclusion here being that if vertical lift thrust is required for 


minimum power consumption, then slow rotor operation is required. 
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Figure 29. Corrected Mass Average Power versus Corrected Mass Flow Rate for 
Baseline Geometry 
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Figure 30. Corrected Mass Average Power versus Corrected Mass Flow Rate for 
Both Cavities Blanked Off 
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Figure 32. Corrected Thrust versus Corrected Mass Average Power of Baseline 


Geometry for Both Cavities Blanked Off 


b. Flow Visualization for Both Cavities Blanked Off Configuration 


It was of interest to understand the changes in flow patterns within the 
rotor with changes in mass flow. As the flow through the fan was throttled, in this case at 
3,000 RPM, the following changes were observed, shown in Figures 33 and 34. At peak 


efficiency as shown in Figure 33, the streamline through the centre of the rotor were well 


a3 


behaved i.e. curved towards the exit. There was a small vortex located in the lower left 
hand portion of the rotor outside the LP cavity. At stall as shown in Figure 34, the extent 
of the vortex had grown to encompass most of the centre of the rotor. The streamline 


patterns were also very irregular indicating that the flow was more unsteady. 





Figure 33. Flow Visualization at Peak Efficiency at 3,000 RPM 





Figure 34. Flow Visualization at Stall at 3,000 RPM 
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Hil. NUMERICAL SIMULATION 


A. CROSSFLOW FAN DESIGN AND SETUP 

1. Overview 

A commercial PC-based computational fluid dynamics software package Flot+ 
developed by Softflo, was used to conduct a 2-D numerical simulation on the CFF. The 
0.305 m (12 inch) diameter and 30 bladed CFF, similar to that used during the 
experimental program, was modeled and ran at a speed of 3000 RPM. Incompressible 
and turbulent flow using a time marching upwind differencing modified PISO algorithm 
was used to solve the unsteady flow through the CFF. For turbulent flow calculations the 
high Reynolds number k-s model was incorporated. Sliding meshes were used to model 
moving or rotating boundaries. 

2. Grid Generation and Boundary Conditions 

Grid generation for the CFF model was initiated with a Matlab code to generate 
the coordinates of the blade profile as shown in Figure 35. After which the coordinates 
text file was read into the Flo++ preprocessor and used to create the complete rotor of the 
CFF. A more detail discussion of the grid can be found in [Ref. 5]. Although Seaton 
generated a 15 bladed configuration versus a 30 blade configuration in this report, the 


setup procedure was almost similar. 





























Figure 35. Matlab Generated Blade and Blade Passage Vertices 


Figures 36 and 37 show the 2-D computational grid and boundary groups for the 
CFF respectively. The boundaries used included inlet (purple), outlet(yellow), walls 


She) 


(white), and attached (orange and blue). The boundaries of type attached were used for 
sliding meshes where two group of grids slid against each other. The inlet and outlet 
boundary conditions were set to (0.97 bar and 300K) and (lbar and 300K) respectively. 
The reason for creating a pressure gradient was to bring the flow into the fan on the onset 
of the solution and thus assisting the solver computation in the initial stage. A total of 


58,600 vertices and 27,130 cells were used. 


The time step was set at ‘Adjustable’ such that the program would automatically 
adjust the time step in order to meet the criteria of the specified Courant number courant 
i.e. 1.0 in our case. If the newly calculated time step was bigger than the Courant criteria, 
a time step adjustment was made to specified Courant number. When stable, the previous 
time step was increased with the ratio of 1.5. This method ensured that the solution was 
always running at an optimal time step i.e. smaller time step used at the start up and 
bigger time step used when the solution was more stable. As the time step was varying, 
predicting the time for the solution to turn one revolution could only be done by 
observing the real run time. It also depended on the speed of the computer running the 
simulation. By running on a Pentium4 2.4 GHz, the estimated time taken, based on the 


configuration as described above, to run one revolution was 2 days. 





Figure 36. Complete CFF Baseline Assembly Computational Grid 
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Figure 37. Boundary Groups 


B. RESULTS AND DISCUSSION 

1. Baseline Configuration 

The main objective of studying the baseline configuration was to compare the 
computational results with the experiment. Figure 38 shows the contour plot of the total 
pressure for the model. The figure illustrates the solution after eight revolutions which 
were assumed to be stable based on the convergent behavior of the total-to-total pressure 
ratio versus no. of revolutions plots as shown in Figure 39. This showed that the solution 
only converged from the fourth revolution onwards and any information before that was 
not useful. Eight revolutions corresponded to 138,900 iterations at an average time step 
of approximately 1.1 x 10° sec. The re-circulation of flow vortices in both cavities were 
observed to be similar to those obtained from experiment. The lowest pressure occurred 
at locations just outside the left cavity, which justifies its name as the Low Pressure 
Cavity. The predicted total pressure ratio for this case was 1.033 versus the measured 
value of 1.061. Figure 40 shows the behavior of the mass flow rate with no. of 
revolutions. The trend of the curve follows that of Figure 39 closely. The predicted mass 
flow rate was 1.0 lbm/sec versus the measured value of 1.08 lbm/sec. Grid resolution and 
turbulence model and the difficulty of computing the flow details between rotor and 


housing are likely reasons for the lack of agreement with experiment. 
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Figure 38. 
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Figure 39. Total Pressure Variation with Number of Revolutions during the 
Computational Simulation 
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Figure 40. Mass Flow Rate with Number of Revolutions during the Computational 
Simulation 


Figure 41 shows a contour plot of velocity magnitude for the eighth revolution 
solution, which also showed the two re-circulating flow vortices. The velocity was 
observed to be higher in the LP cavity compared to that with the HP cavity. The predicted 


exit velocity was about 84 m/s which was supported by an experimental value of 94 m/s. 
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Figure 41. Contour Plot of Velocity 
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The vortical flow features of the two cavities are displayed in more detail in Figures 42 
and 43, which are very similar to those observed during the flow visualization 


experiments. 
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Figure 43. Vector Plot of Velocity in the HP Cavity 
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2. Throttling Configuration 

The main objective of studying the CFF configurations with varying exhaust 
outlet area was to attempt to derive the compressor characteristics for 3,000 RPM. In 
other words, the stalling characteristics of the CFF was obtained at a speed that was 
found to be most efficient. It was also to understand the off-design characteristics of the 
CFF that were more difficult to predict and normally measured experimentally. The 
preprocessing files were modified from the baseline configuration to include varying 


exhaust outlet area. 


The baseline configuration, with the original exhaust, was defined as the E100% 
configuration and subsequent reductions of exhaust area were defined as E**% Le. 
E90% meant a CFF with 90% exhaust area. A total of 6 CFF configurations, ranging 
from E50% to E100% were computed. 


The results for the 6 configurations of different exhaust area were computed for 
the 4", 4.5" and 5" revolution. The total-to-total pressure ratio versus mass flow rate was 
plotted as shown in Figure 44. The pressure ratio was observed to rise to a peak value of 
about 1.037 at between E70% and E80% with a mass flow rate of 0.62 lbm/s and 0.7 
Ibm/s respectively before it fell at stall. The slight difference in the shape of the three 
curves was due to the fact that the solution was still fluctuating and had not reached a 


steady state yet as shown in Figure 39 and 40. 


Next let us take a look at the pressure flow field for E100% E80% (peak 
efficiency) and E60% (stall) configuration at 4.5 revolutions as shown in Figure 45, 46 
and 47 respectively. We observed that the vortex built up (grew bigger) on the low 
pressure (LP) side as the exhaust area was reduced. This was due to the back pressure 


from the smaller exhaust outlet and also an indication of stall. 
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Figure 45. Contour Plot of Total Pressure for Baseline Configuration at 4.5 
Revolution 
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Figure 46. Contour Plot of Total Pressure for E80% (Peak Efficiency) at 4.5 
Revolution 
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Figure 47. Contour Plot of Total Pressure for E60% Configuration at 4.5 Revolution 
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IV. CONCLUSION 


The Crossflow Fan Test Assembly (CFTA), which was constructed to validate the 
experimental tests conducted by Vought Systems Division and Seaton [Ref 5.], was used 
as the baseline configuration in this thesis. Improvements such as including a bellmouth 
to the air intake were made to the CFTA in order to achieve more accurate mass flow rate 


readings. 


Two main test programs were conducted. The first set of tests investigated the 
performance of four configurations which included the baseline configuration and three 
others with permutations of the LP and HP Cavities opened and blanked off. The tests 
were conducted from 1,000 RPM to 5,000 RPM. The measured maximum efficiencies for 
the four configurations ranged from 66% to 74%, with the highest occurring from the LP 
closed & HP opened configuration. The other performance plots also showed similar 
trends and relatively small variance between the four configurations. It also indicated that 
efficiency in excess of 70% could be achieved at speeds lower than 5,000 RPM. The 
second set of tests investigated the stalling characteristics of two CFF configurations by 
means of a throttle system installed downstream of the CFTA. The two configurations 
were the baseline configuration and one with both cavities blanked off, with a throttling 
device attached to the exhaust. The tests were conducted from 2,000 RPM to 6,000 RPM. 
A complete compressor map was obtained by throttling the exhaust to vary the mass flow 
rate, t-t pressure ratio and other performance parameters. The measured maximum 
efficiencies for the two configurations were all in the vicinity of 75% except those 
running at 2,000 RPM. The stalling points for both configurations were observed to be at 
the same throttle setting. The efficiencies at various speeds were observed to drop 
drastically to about 30% after stall. But for the two cavities blanked off configuration, the 
efficiencies for the various speeds only dropped to 50% after stall at the same throttle 


setting. 


Flow Visualization was conducted during all tests and the flow patterns were 
shown to be similar to those form VSD tests. All these results are encouraging because at 


these relatively low rotational speeds the use of CFFs for aircraft propulsion purposes is 
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likely to be advantageous from a performance and noise point of view. These data as well 
as the associated flow visualization and probe measurements will also make a valued data 


set for numerical predictions. 


A 30 blade Crossflow Fan, similar to that used in the experiment, was modeled 
using a numerical simulation program Flo++. An incompressible, unsteady flow solution 
was obtained at a speed of 3,000 RPM. Based on the resolution of the grid and Courant 
number used, it took about 10 days to run 4 revolutions (relatively stable state). The 
results obtained validated that it is possible to reproduce the measured flow patterns from 
experiments. The throttling of the exhaust was simulated by reducing the area of the 
exhaust outlet. The results showed similar characteristics to a typical stalling compressor 


but more work is required in order to achieve a more accurate compressor map. 


Future test will include variations in the blade as well as cavity configurations. 
Also, most importantly tests of lower diameter CFFs will be performed in view of their 


easier installation in aircraft wing sections. 
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Vv. RECOMMNEDATIONS 


The current CFF configuration, which made up of a 12-inch diameter, 1.5-inch 
span and 30 blade rotor, was based on VSD’s studies some 18 years back. Now that we 
have validated the performance of VSD’s CFF, we can now take one step further by 
modifying the existing CFF in search for a better configuration. Since the rotor and both 
cavities are modular to the main assembly, modifications will be much easier and will not 
cost as much. 

In line with the potential of installing CFF inside an aircraft’s wing section as a 
lift / propulsion device, the diameter of the rotor should be reduced to suit the space 
limitation. The optimum number of blades, together with the blade profile, should also be 
looked into. As there are too many configurations, it is not feasible to build all the rotors 
to be tested. Instead, CFD can be utilized in this case to run the simulation on different 
configurations and finding the efficiency and power generated by the force. After which, 
we just need to build a few of the better configurations for testing and validation 
purposes. Similarly for both the cavities, we should explore different cavities design 
which includes the slope on top of that module that brings air into the CFF. But we 
understand that the current runs on the CFD software takes up a lot of time as well as 
effort in order to run one configuration. The difficulty in the coding makes the whole 
process slower. Several efforts had been put in to define a compressible flow but the 
solution always got unstable. Hence we can conclude that Flo++ might not be suitable for 
computing compressible for our CFF model. Instead, a more user friendly and established 
CFD softwares such as ACE and OVERFLOW should be explored to solve the 
compressible CFF model. Comparisons can then be made between different software and 
the experimental results. After which, the software which is easier to use and have shorter 
solution run time to steady state should be used for running the different configurations 


CFF as mentioned above. 
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APPENDIX A. DATA LISTING 


EST 





































































































~ ~ ~ oO <— => = 
= Q “7 
0 2 2 2 ro) $ a -} 
g S s fs je € £& fe 
= wo is) N = 
> 2 x 2 x = L L L 
sO ow = ow w wu Tm Tm iL 
og te E ke E im ms oO oO oO 
Se |e |s E |s 3 gee s is |s 
3 a= o 
of Ss | © oO £ 6 £ £ £ C) C) CS) 4 a cS) Q Ww L fo) x je > 
om ae |x a jo a a a a a a a a a a a a a o a ao jo a 
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1306.7398 | 29.9842 | 29.9842 | 33.2375 | 20.9839 | 33.2029 | 33.2466 _| 531.5284 | 532.8679 | 536.6173] 536.5259 | 534.6327 | 540.1927 | 534.5167 | 534.5058 | 534.2934 | 0.6112 | -0.2844 | o.s2i9 | 1.0074 | 1.0043 | 0.4972 | 0.5270 





2078.1238 | 29.9823 | 29.9820 | 33.0972 | 29.9810 | 33.0749 | 33.0706 | 533.0524 | 533.6307 | 537.1692| 537.1147 | 533.6149 | 540.9772 | 537.7317 | 538.0253 [537.4204] 1.0290 | -0.e710 | 0.8272 | 1.0197 | 1.0082 | 0.6805 | 0.8362 





2084,2019 | 29.9803 | 20.9801 | 33.1121 | 29.9706 | 33.0776 | 33.0674 | 532.5251 | 533.6659 _| 537.3538 537.2058 | 533.8557 | 540.4335 | 537.4733 | 537.9286 | 537.4733] 1.3280 | -1.1086 | 1.0171 | 1.0196 | 1.0085 | 0.6538 | 1.0279 





3000.0601 | 29.9750 | 29.9745 | 35.6736 | 20.9736 | 35.6302 | 35.6322 _| 532.2702 | 532.8661 | 537.9796 | 537.9374 | 531.8272 | s40.4018 | s40.81a4 | 542.0014 | 541.3932 | 1.3269 | -1.9525 | 0.9207 | 1.0437 | 1.0168 | 0.7405 | 0.9302 





309.2387 | 29.9719 | 29.9717 | 35.7017 | 20.9607 | 35.6373 | 35.6309 | 532.7870 | 533.1544 | 538.1641] 538.1096 | 531.9837 | 540.3755 | 41.8591 | 542.8680 | 541.9962 | 1.7283 | -2.5524 | 1.1472 | 1.0438 | 1.0174 | 0.7001 | 1.1596 





4015.9303 | 29.9753 | 20.9752 | 38.9254 | 29.9734 | 38.8406 | 38.e4i | 532.5602 | 532.0927 _|538.9552| 538.8796 | 528.8970 | 540.8641 | 547.9868 | 549.8501 |548.5739] 1.9562 | -47045 | 1.1896 | 1.0806 | 1.0310 | 0.7233 | 1.2018 





412.1708 | 29.9749 | 20.9749 | 38.8041 | 29.9732 | 38.8450 | 38.8507 | 532.0259 | 5321138 |539.0202| 538.9710 | 528.9673 | 541.0962 | 547.8163 | 549.7850 |548.6846} 1.4160 | -3.4079 | 0.8507 | 1.0811 | 1.0314 | o7181 | 0.8593 





499.4176 | 29.9743 | 20.9745 | 41.0557 | 29.9715 | 40.9577 | 40.9757 | 532.7061 | 530.8657 | 539.6706| 539.6618 | 524.5024 | 541.6305 | 556.2098 | 559.7026 | 557.5475] 1.9654 | -7.1827 | 1.1448 | 1.1298 | 1.0490 | 0.7249 | 1.1562 





007.0939 | 29.8331 | 29.8332 | 40.9447 | 20.8306 | 4o.sioa | 40.8184 | 533.2068 | 531.7868 | 539.7532] 539.7022 | 524.6430 | 541.7044 | 557.0641 | 560.5745 | 558.3790 | 2.4579 | -e.cea | 1.4189 | 1.1208 | 1.0401 | 0.7230 | 1.4410 





4ag7.5156 | 20.8834 | 20.9835 | 38.9023 | 29.8816 | 38.8230 | 38.8317 | 533.0138 | 532.3616 | 540.1575| 540.1241 | 527.8054 | 541.9505 | 552.8102 | 555.3028 [553.5784] 1.7980 | -5.3229 | 1.0457 | 1.1036 | 1.0308 | 0.7174 | 1.0602 





401.8350 | 29.8835 | 20.9833 | 38.c466 | 29.8801 | 38.8324 | 38.8244 | 533.9243 | 532.8415 | 540.2208 | 540.1505 | 527.8932 | 542.0436 | 553.5186 | 555.9602 [554.1128] 23580 | 6.9564 | 1.3706 | 1.1033 | 1.0306 | o.71e4 | 1.3906 





3493.6741 | 29.8819 | 29.8815 | 37.7305 | 20.8802 | 37.6852 _| 37.6930 | 533.5798 | 534.2618 | 540.1136] 540.0432 | 532.3388 | 541.9320 | s45.seo7 | 547.4348 | 546.4927 | 1.4410 | -2.6767 | 0.8792 | 1.0608 | 1.0238 | 07158 | 0.8921 





3503.5682 | 29.8833 | 29.8818 | 37.7666 | 20.8802 | 37.7203 | 37.7157 _| 533.4778 | 533.3249 | 540.0872] 540.0380 | 532.3827 | 541.9309 | 545.4327 | 546.9954 | 546.0444 | 1.5084 | -2.7802 | 0.9081 | 1.0609 | 1.0239 | 0.7128 | 0.9212 





2502.2000 | 29.8808 | 29.8807 | 34.6437 | 29.8785 | 34.5922 | 34.6029 | 533.8786 _| 534.8471 _| 539.8903 539.8393 | 535.5661 | 541.9311 | 540.6708 | 541.5180 [541.0839] 1.2954 | -1.3365 | 0.277 | 1.0207 | 1.0126 | 0.6672 | 0.8401 





2491.4566 | 29.8822 | 20.9813 | 34.6359 | 29.8796 | 34.5920 | 34.6055 | 533.7977 | 535.3692 | 539.8056 | 539.8341 | 535.6048 | 541.9452 | 541.0610 | 541.0241 [541.4126] 1.1213 | -1.1464 | 0.6941 | 1.0296 | 1.0129 | 0.6493 | 0.7047 





1511.4150 | 29.8861 | 29.8844 | 33.1544 | 20.9828 | 33.1227 | 33.1205 | 592.5585 | 534.8805 | 539.5968] 539.5141 | 537.5348 | 541.8960 | 535.9018 | 536.5891 | 536.7491 | 0.9957 | -0.4820 | 0.7469 | 1.0103 | 1.0050 | 0.5701 _| 0.7575 





1512,9624 | 29.8853 | 29.8849 | 33.1306 | 20.9836 | 33.1159 | 33.1309 | 532.6692 | 534.5571 | 539.5229] 539.4807 | 537.5471 | 541.8042 | 536.6788 | 537.1200 | 536.8845 | 0.1279 | -0.0600 | 0.0762 | 1.0101 | 1.0061 | 0.4690 | 0.0773 








Both Cavities 
opened 
Run # 


© Jo J Jo fo fa for [= 











= 
a x 
a a 


CFF Mass Flow 


(Ibm/s) 


Ad Pi CFF 


Pin (Flange) 
Pout (Flange) 
Pout (Vena) 
Tin CFF (2 o/c) 
Tin CFF (11 o/c) 
Tin TTR (8 o/c) 
Tin TTR (5 o/c) 
Tout TTR 

Tout CFF (Bot) 
Tout CFF (Mid) 
Tout CFF (Top) 
TTR Mass Flow 
(Ibm/s) 

Turbine Power 
Mass Flow 


Tin Orifice 
(Ibm/s) 


a) 
= £ 
a a x) 


Ad CFF Efficiency 


uw 
rs) 
rl 
6 
£ 


1.0246 
2999.6852 | 29.9427 | 20.0425 | 38.9042 | 29.9421 | 38.8805 | 38.a5e4 | 530.5423 | 530.7479 _| 538.4243 538.3874 | 530.7444 | 540.6110 | 541.2350 | 543.3268 |543.4552] 1.4532 _| -2.6721 


4005.0737 | 20.9386 [ 20.9365 [ so.aste | 299373 | 39.7300 | 307426 | saoc249 | 530.9764 [538.7053] 500.7477 | 525.0005 | sa1.t4a0 | 351.6200 | 554.2622 [554.0548 | 2.3501 | -7.2902 
4015,0973 [_29.9392 | 29.9392 [ 9.8761 | 29.0300 | 30.7523 | 39.7864 [529.2520 | 530.1230 [530.1063 539.0975 | 526.1397 | 542.0120 | sso.c044 | 553.9001 [553.7964 | 20708 | -0.4ast 
49956711 | 20.9368 [ 20.9362 [ a2.0s36 | 29.9362 | a1.o08 | 41.2089 [ sa07ea8 | 520.2345 [saeor47| sae.or12 | sis.scao | saosao1 | 563.2092 | 506.5546 [565.9021 | 2.0446 | 13.0315 
4967.4907 [ 29.937 [ 29.9979 [ azarae [ 299371 [ ar.ote2 | 21.9542 [ s2assaz [ see.srt4 [530.3019] 530.3138 | 520.1571 | sa1.a2a0 | so1.ara7 | 565.0405 [565.0893 [2.7026 | 12.0025 













2011.4520 |_29.9473 | 20.0474 | 39.3205 | 29.9472 | 39.2006 | 39.2767 _| 527.2235 | 530.4596 _| 537.8917 | 537.8389 | 534.0263 | 540.6954 | 534.4780 | 535.8491 | 535.8175 | 1.4304 | -1.3179 
2904.6099 | 29.9453 | 20.0451 | 38.0464 | 29.0450 | 38.8753 | 38.8661 | 528.7388 _| 531.7973 _|538.4102| 538.3979 | 530.7602 | 541.5268 | 541.6921 | 544.2638 | 544.0616 | 1.9175 | -3.5177 
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13067398 | 0.3964 | 1291.309 | 0.044 | 0140s | oss [0.0897 | o.oss [otr2 [oso] 03081 | oot 0.2996 | 30.2000 | sa4.asz2 | 0.1173 | 531.5260 [40.4171] 13.2594 
zore.129e [1.2128 | 251.3749 | o.oror | 02447 | 0.0740 | 01462 | o07a2 [o2ses|oss7e] oss | _o.cs62 0.9394 | 30.5734 | 537.0837 | 0.1760 _| 531.1068 [60.6230] 32.4267 
20842019 | 1.5999 | 257.8497 | _o.o7or | 0.2446 | 0.0794 | 01450 | 0.0737 [ozs1a|o.ce46| 0.9004 | _o.es2t 0.9650 _| 30.5682 | saz.srs7 | 0.1752 _| 531.0521 [6o.s770| 32.1372 
3000.0601 [2.7213 | 20635041 | 01062 | 0607 | o1103 | ozie | 01076 [oaras|oser| 2es17 | 0.9720 2.0089 | 31.2762 | sa1.s082 | 0.2526 | 527.0330 [6.7746] 68.6369 
30092387 | 3.5563 | 2071.50e4 | 01062 | 0.3683 | o1102 | o2tee | 01000 |os7s0|os617] 2000 | 0.9731 2.9482 | 31.2012 | saa.t4o7 | 0.2529 | 520.6150 [6.9343] 09.0341 
4015.9003 | 6.5500 | s960.0168| 0.1498 | osor2 | ose | 2052 | 0140 |osc20]1.2064| 7.1094 | 1.3129 7.0839 | 32.3743 | saaea7t | 03375 | 524.7203 [115.5093] 123.6300 
aorz.1708 | 4.7520 | 3965.2501 | 0144 | 0.5029 | 01480 | 02064 | 01446 |ososi| 1.2095] 7147 | 1.3179 7.2098 | 32.386 | saa.so0t | 0.3983 | sea.seaa [ris.eata| 124.5768 
4909.4176 | 9.9001 | 4942.2001| o1e16 | 0.6359 | 01001 | ores | 0.1774 [oer |1.397] 142016 | 1.6516 14.0831 _| 33.8173 | 557.5358 | 0.219 | s20.4745 [143.9083] 193.9116 
s007.0939 | 12.4670 | 404.3546 [ o1e16 | 06324 | 0185 | 03759 | 01776 [oto |1.5257| 142640 | 1.6527 14.1237 _| 33.6517 | 558.3861 | 0.4132 | 522.6049 [141.2420] 109.5250 
aagr.sts6 | 74431 | 444a.s4oa | 01630 | 0.5060 | 01691 | 03369 | 01615 [oset6| 1.4647] 10.4984 | 1.4065 10.3157 | 32.9431 | 553.6798 | 0.3734 | sea.4s97_|ra7.0376] 154.5004 
4501.8350 | 9.7208 | aaaa7r70| 01632 | 0.5672 | 01606 | o3m9 | 01615 |ose12| 1.4693] 10.3950 | 1.4860 10.2658 | 32.9368 | 554.078 | 0.3730 | 525.0847 |rar.7e76] 154.4601 
sass.e741 [3.7371 | 4ae.0997 | o1259 | 04354 | 01300 | 02507 [01266 [0.461] 1.1322] 4.2255 | 1.1500 47614 _| 31.0907 | sao.ara7 | 0.2076 | 526.9524 [90.9511] 92.5915 
503.5602 | 3.8041 | s4se.2779 | o1255 | 04344 | 0.1306 | 02505 | 01267 [o.s00| 11310] 4.2506 | 1.1492 4.7e92_| 31.0909 | 546.0243 | 0.2076 | 520.5146 [90.9157] 92.4053 
25022000 | 1.0650 | 2467.6312 | o.087e | 0.3027 | o.0s16 | 01803 | 0.0009 |os1s4|o796«] 1.7008 | _o.e002 1.7750_| 30.7735 | 541.0196 | 0.2009 | 532.4276 [6.2004] 45.6252 
2491.4506 | 1.5995 | 24565292 | 0.0875 | 03015 | cose | 01807 | 0091 [os10s|o7928] 1.8323 | 0.8057 1.8067 | 30.7067 | 541.3914 | 0.2001 | 532.0001 [on.oasa| 45,2652 
15114150 | erat | 14914323 0.0510 | 01755 | 0.0539 [0.1060 | os | otee7[oa7oz| 02296 | 0.774 0.4180 | 30.1998 | 536.3730 | 0.1154 | 593.5914 [39.000] 15.4894 
1512.9624 | 0.0838 | 14931000 0.0500 | 1752 | 0.0595 [0.1053 | ose [ores [o4s70| ostao | 0.4740 0.5072 | 30.1955 | sae.essa | 0.1145 | 534.0544 [39.5028] 15.2633 
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+ | 1006.9052 | 0.5657 | 999.7011 | 0.0369 | o1277 | oose1 | ores | 0.0306 |o1373]oss04| 04592 | 0.3401 0.4552] 90.1130 | sa1.274a | 0.0959 | 529.3275 [32.9833] 9.2003 
2 | 006.0564 | 0.2035 | o90.75e4 | 0.0372 | orze7 | 0032 | oor | 00307 Jors7elosso] oss | oss 0.5098 | 30.1128 | 531.6417 | 0.0956 | 529.0954 [32.9765] 9.2505 
3 | 2oresore [1.7230 [19980911 | 00777 | 02093 | 00779 | 01519 | oo7eo [ozrse]osera] s.st60 | 07049 1.5027 | 30.6326 | 595.3326 | 0.1637 | 520.2048 [oa.1111| 36.2004 
4 | 2or.as20 | 1.0407 | 1903.0912 | o.07e1 | 0.2705 | 0073 | 01551 | 0.0796 [o2re3o7010] 1.5383 | 0.7095 1.5250 | 30.6396 | 55.2971 | 0.1646 | s2e.1010 [62.4125] 36.0098 
5 | 204.0009 | 40403 | 2v6aer90 | orto | o4tar | orto | ozars | 01176 [0.4000] 10592] 4.472 | 1.0747 4.6126 | 31.5400 | sas.1o19 | 0.2762 | ser.s117 [4.7919] 82.6930 
6 | 2000.6052 | 37515 | 206082 | ort | o4125 | 01196 | o2a75 | 01171 [o.o7s|1.0575] 42616 | 1.0735 4.2483 | 31.5401 | sa2.s70s | 0.2755 | 526.5091 |oa.ste9| 92.548 
7 | 005.0737 | 10.2720 | s9629732 | o1507 | ossr1 | otsr7 | oars | ot5s8 | osa0a| rat] 10.7202] 1.4985 10.6760 | 2.0468 | 553.1724 | 0.3676 | 524.0084 [125.0952] 146.4284 
8 | aots0973 | 90013 | so7z.0622 | 01602 | oss90 | ore [| os10 | 01546 | oss0e[1aa7| r1.0761] 1.4401 tose | 32.0577 | 552.7505 | 0.3682 | sea.s109 [126.0627] 146.7995 
9 | ase5.e711 | 10.4005 | aoae.eo43 | 01964 | oar | 01959 | 03925 | 01920 [0.741] 1.7556] 20.0039 | 1.7965 20.0951] 94.5412 | sos.oree | o4s77_| 521.3904 [156.2343] 225.0466, 
10 | aoe7.4007 | 10.1712 | soa5.9675| 0.1965 | oss | o1959 [03927 | 1922 osrs7 [1.7580[ 21.1840] 1.7967 21.2496 | 94.5447 | 563.0569 | 0.4578 | 520.3325 fis6.1313] 225.6815 
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[+ Jrosases2| 2096 | 39.96 | 29.0042 | s00979 | sose6e | 20.0509 | 29.9396 | ao1165 [ 201201 | 20.1330 | 20.9500 | 2a063e | 2o.cses | 200567 | 29.9028 | 20.9506 | 20.9605 | 200509 | 209659 | 29.0820 
1063.8977| 2.96 | 30.96 | 206360 | 0.0383 | 30.5336 [ 20.9592 | 200289 | 30.1336 | 30.1363 | 0.1503 | 20057 | 20642 | 200500 | 20.9572 | 29.9097 | 2o.ose7 | 200504 | 209504 | 20.9642 | 20.0836 
14924446] 2996 | 39.96 | 207061 | 0.0823 | soes2e [ 20.9508 | 2ac017 | sosrse | 03152 | sosze0 | zoos | 20089 | 200579 | 20.9593 | 29.9705 | 20.9575 | 20.0501 | 209586 | 20.9608 | 30.0000 







1502.9345| 29.96 39.98 | 29.7201 _| 30.0809 |_ 30.8369 | 29.95e6 | 29.9005 | 30.3149 | 30.3143 | 30.3230 | 20.9605 | 29.9679 | 20.9572 | 29.9529 | 29.9601 | 29.9576 | 29.9501 | 20.9588 | 29.9613 | 30.0005 
2008.6776| 29.96 39.98 | 29.7396 _| 30.1530_|_31.3325 | 29.9578 | 29.8525 | _30.6317_| 30.6279 | 30.6148 | 20.9671 | 29.9755 | 20.9550 | 29.9537_| 29.9769 | 29.9538 | _29.9557_| _20.9557_| 29.9579 | 30.0245 


[_s0ez79 | 30.6222 | 20.6061 | 20.9057 | 209744 | 200527 | 29.9512 | 20.9767 | 20.9517 | 20.9500 | 29.9536 | 20.9522 | s0.0220 


[7 Jesoo2016| 20.96 | 29.96 | 20.7003 | s0.2019 | 34.0767 | 29.9555 | 20.7025 [| s1.1000 | 31.0290 | 30.9025 | 20.9762 | 200826 | 20.9507 | 20.9551 | 20.0070 | 20.0000 | 200521 | 20.951 | 200505 | 30.0521 





2509.5469| 29.96 39.96 | 29.7823 | 30.2404 |_31.9774 | 29.9587_| 29.7866 _|_ 31.0967 | 31.0259 | 30.9522 | 20.9769 | 29.9808 | 20.9482 | 29.9546 _| 29.9869 | 29.0492 | 20.9518 | 20.9513 | 29.9524 | 30.0532 
'2003.2288] 29.96 39.98 | 29.8017 | 30.3631 _| 32.7586 










29.9539 | 29.7140 | 315336 | 31.5028 | 31.4130 | 29.9873 | 29.9921 _| 29.9378 | 29.0528 | 20.9951 | 20.0445 | 29.0485 | 29.9475 | 29.9474 | 30.0839 





























roea.erar| 2006 | 30.96 | 20.0150 | 30.3059 | 22.7063 sana | arto | 200054 | 29.9056 | 20.9969 | 20.9539 | 200900 | 29.0433 | 20.9100 | 200473 | 29.9473 | 20.0026 
11_Josozez7a|_ 2096 | 39.96 | 20.0067 | s0ss0s | 3.7106 | 2a0s44 | 20014 | az.1004 | 22.1259 | 31.0001 | 20.9008 | s0.0170 | 200800 | 29.9590 | s0.0070 | 20.0804 | 20.9526 | 20.9522 | 20.0401 | 30.1901 
12_]o512.0603| 2996 | 30.96 | 29.0634 |_s0s509 | 3.7270 | 200548 | 29.6199 | 2.1063 | 92.1141 | 31.9770 | 20.9006 | soot | 200012 | 29.9572 | so.0097 | 20.9425 | 20.9519 | 20.9500 | 20.0477 | s0.1917 
13_|4o07.9809| 2996 | 39.96 | 29.744 | 0.7500 | sa045s | 200521 | 20.5056 | 2.9005 | 32.0012 | 22.5053 | s0.0197 | s0.0ze1 | s0.0190 | 29.9621 | sooz12 | 20.9242 | 20.9505 | 20.9408 | 20.9551 | 30.1760 
14 ]40069728| 2996 | 39.96 | 29.0071 | 0.7494 | s40556 | 200514 | 20.5066 | 22.0416 | az.0146 | a2.c246 | s0.0196 | s0.027e | 30.0204 | 29.9626 | sorta | 20.9222 | 29.9500 | 20.903 | 20.9549 | 30.1740 
15_Jasiaes04| 2996 | 39.96 | 29.017 | s0.9609 | 36.1456 | 200512 | 29.3060 | 20.7980 | 32.5000 | 29.2211 | soar | s0.0454 | 0.0442 | 29.9640 | s0.0379 | 20.9225 | 20.048 | 20.9401 | 20.9516 | 30.2004 
16_]45056213| 2996 | 30.96 | 29.9060 |_s0.62 | 36.1539 | 29.0500 | 29.015 | 20.7069 | 32.5956 | 29.2021 | s0.0226 | soos | 30.0451 | 29.9698 | s0.0240 | 20.9241 | 20.0405 | 20.9476 | 20.9524 | 30.2050 
17_4906.2400| 2096 | 30.96 | 29.9254 |_a1.1902_| 7.562 | 200492 | 20.2497 | s4sa7 | 34.5409 | 24.1030 | s0.0406 | 0.0583 | 30.0561 | 29.9495 | s0.0516 | 20.9260 | 20.0473 | 20.9458 | 20.0476 | so2r07 
18 _|so0r.0s44| 2096 | 39.96 | 29.9303 |_a1.1921 | 7.5901 | 2a.050e | 20.2406 | sacs | 34.5400 | 24.1920 | s0.0817 | 0.0582 | so0s17 | 29.9440 | s0.0502_| 20.9205 | 20.0470 | 20.9456 | 20.9544 | 30.2720 
19 _Joo0s.eo18| 2996 | 39.96 | 29.9503 | soat4s | 2.6951 | 20.0573 | 20.7103 | a1.5429 | 31.5104 | 31.4490 | 20.9000 | 20.9976 | 20.0007 | 29.9633 | 20.9040 | 20.9561 | 20.9549 | 20.9543 | 20.9505 | 30.0869 
20 _[zo07221] 2006 | 2096 | 20.0458 | 20.4080 | s2.6769 | 20.0560 | 207130 | 31.5952 | 21.5000 | s1a1a2 | 290070 | 20.9050 | 20.9973 | 200612 | 209001 | 2o.0546 | 20.952 | 209520 | 29.9477 | 20.0060 
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29.3996 | 30.0175 | 30.5231 _| 29.93536_| 29.9089 


29.4404 | 30.0175 | 30.5256 | 29.93455 | 29.9058 | 30.1078 | 30.1388 | 30.1584 | 29.9309 | 20.0451 | 29.0437 | 29.93318 | 29.9445 | 20.9358 | 29.8582 | 29.8404 | 29.9039 | 29.964 


30.0045 _| 30.1223 | 30.1392 _| 29.9413 | 29.0453 | 20.0441 | 29.93428 | 20.9443 | 29.9372 | 29.8647 | 29.8572 | 299182 | 29.965 








1489.24 29.4853 | 30.0408 | 30.7127 _| 29.93407 | 29.8a6 | 30.2206 | 30.2584 _| 30.2814 | 29.9425 | 20.0462 | 29.0446 | 29.92008 | 29.9446 | 29.0338 | 29.8106 | 29.7045 | 29.8778 | 29.976 





1507.435 29.4772 | 30.0418 | 30.7139 | 29.93304 | 20.8879 | 30.2174 | 30.25 | 30.2777 | 29.9418 | 20.0464 | 29.0446 | 29.93012 | 29.9447 | 29.9334 | 29.8066 | 29.7032 _| 29.8767 | 29.976 





1994.834 29.5181 _| 30.0842 | 31.0913 | 29.93148 | 20.8458 | 30.4664 _|_ 30.5389 _| 30.5452 | 29.946 | 20.9509 | 29.0404 | 20.9247 | 29.9487 | 29.9333 | 29.6961 | 29.6709 | 29.7492 30 





245.889 29.5347 | 30.0848 | 31.0915 | 29.93159 | 20.8458 | 30.4604 | 30.5304 | 30.5534 | 29.0442 | 20.9509 | 29.0404 | 29.92548 | 29.951 | 29.9343 | 29.6951 | 29.6682 | 20.7409 | 30.001 





2498.418 29.5557_| 30.1526 | 315998 | 29.9316 | 29.703 | 30.8148 | 30.9009 | 30.8055 | 29.9517 | 20.9578 | 29.9536 | 29.91804 | 20.9559 | 29.9376 | 29.5546 | 29.5137 | 29.6061 | 30.03 





2501.847 29.5748 _| 30.1541 | 31.6002 | 29.9285 | 29.7928 | 30.8192 | 30.8902 | 30.8977 | 29.952 | 20.9581 | 29.954 | 29.91865 | 29.9548 | 29.9366 | 29.5549 | 29.5135 | 29.6054 | 30.020 





303.349 29.8022 | 30,2449 | 32.2607 _| 29.93039 | 29.7283 | 31.2323 | 31.3096 | 31.3355 | 29.9561 _| 20.9677 | 29.9577_| 29.91367 | 29.9624 | 29.9405 | 29.2807 | 29.3238 | 29.4553 | 30.066 





304.627 29.6147 _| 30.2449 | 32.2549 | 29.92037 | 29.7261 | 31.2369 | 31.4009 | 31.3406 | 29.9520 | 20.9659 | 29.9617 | 20.9141 | 29.9634 | 29.9392 | 29.3831 | 29.3243 | 20.4546 | 30.063 





3510.908 29.6862 _| 30.4045 | 33.0403 | 29.93008 | 29.6508 | 31.8035 | 31.9485 _| 31.8742 | 29.957 | 20.9799 | 29.0814 | 20.91414 | 20.9715 | 20.048 | 29.1798 | 29.1028 | 29.2625 | 30.108 





3517.886 2o.eo19 | 30.4065 | 33.0404 | 29.9272 | 29.044 | 31.8055 | 31.9460 | 31.8638 | 29.9532 | 20.9795 | 29.9786 _| 29.91275 | 29.9711 | 29.9476 | 29.1801 | 29.1015 | 29.267 30.11 





3993.239 20.7187 _| 30.5301 | 33.9111 | 29.92884 | 20.5845 | 32.254 | 32.5736 _| 32444 | 29.0598 | 29.9924 | 29.9029 | 29.91112 | 29.9829 | 29.9503 | 28.0538 | 28.8505 | 29.0223 | 30.154 















3980.646 ze737_|_s05074 | 32.0904 | 20.2028 | 205547] 32.3544 | 32.5005 | 32.4453 | 20.9602 _| 20.0006 | 29014 | 2991176 | 20.0701 | 20.0471 | 200573 | 20.0550 | 20.0274 | 20.159 
[1s [asooo05] 20.04 | 20095 | 20.7543 | 0.7015 | 34.0704 | 20.00597 33.0629 _[ 33.602 | 33.1362 | 29.9678 | 30.0005 | 20.0963 | 20.9066e | 20.9063 | 20.9057 | 200742 | 20.5456 | 20.7912 _| 0.203 
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A2. 


TEST 2: TWO CAVITIES OPENED 
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11 | 3022.7007 30.1345_| 30.4737 _| 32.0591 | 29.9096 | 29.0584 | 31.5580 | 31.7588 | 1.5788 | 30.1920 | 206084 | 29.2105 | 29.8347 | ao.197@ | 20.7843 | 20.5707 | 29.5058 | 29.7707 | 30.210 | 29.9823 | 20.9600 
12 |_3063.6633 30.1262_| 30.4796 | 32.8776 | 29.9102 _| 29.0624 | 31.5501 | 31.7378 | 15708 | 0.1945 | 28.7051 | 29.2135 | 29.8304 | 30.2066 | 20.7875 | 20.5802 | 29.5213 | 29.7738 | 30.2752 | 29.9806 _| 20.9642 
7_|__2006.3872 30.3350_| 30.2013 | 32.3805 | 29.0455 _| 29.0006 | 31.3672 | 31.6087 | 1.3802 | 0.3493 | 290557 | 29.3849 | 20.7517 | 29.0487 _| 20.7360 | 20.572 | 29.5952 | 29.7882 | 30.2663 _| 20.8850 _| 29.8700 
8_| 303.2888 30.3416 | 30.2027 | 32.3829 | 29.471 | 29.0056 | 31.2676 | 31.5057 | 1404s | 30.2489 | 20.0044 | 29.3078 | 29.7550 | 20.0495 | 20.7371 | 20.558 | 29.5982 | 29.7040 | 30.2720 | 20.851 | 20.8706 
13 |_s010.8907 30.1193 | 30.315 | 32.1746 | 29.9209 | 29.0009 | 31.4521 | s1.6410 | 1.4509 | a0.c149 | 20.4211 | 29.7043 | 30.0060 | 30.1599 | 20.0481 | 20.9606 | 20.8927 | 30.1947 | 30.4000 | 29.9775 | 20.9508 
14 | s020.1141 30.115_| 303199 _| 32.2021 | 29.9329 | 29.0000 | 31.47a6 | 31.0633 | s1.asee_|_ 0.6278 | 20.4157 | 29.7053 | 30.0150 | 30.1768 | 20.8517 | 20.9646 | 29.967 _| 30.2025 | so4t19 | 29.9826 | 20.9656 
5 30,7557 
16 30.00 | 9.97 _| 30.0998 202464 | 290700 | 29.0021 | 29.1990 | 20.0464 | 20.1679 | 29.1230 | 20.2426 
Q 2090 | 30.90 | 30.3367 20.0006 | 20.7926 | 20.8716 | 20.0466 | 20.0706 | 20.0769 | 20.0248 | 29.2004 
10 |_| ___ 30.4014 — 30.3882 -— ff} ____|__|_____ 2e.7e02_|_2e8701_| 29.0484 | 29.8752_| 29.0853 | 29.0302 | 29.2122 — 
Laie (ee ieee a [afte Si ee = a ieee 

1_|_ 022.8604 30.3482_| 30.9900 | 25.8972 | 29.7561 | 29.6421 | 32.9367 | 23.1507 | 2.9202 | 29.5179 | 20.6056 | 27.4068 | 20.7768 | 206153 | 204750 | 26.6088 | 22.5958 | 22.7492 | 30.1191 | 20.8802 | 29.779 
2_ | 4020.7130 30.3613 _| 30.9906 _| 35.300 | 29.7569 | 29.6416 | 32.9538 | 23.1847 | 2.9044 | 29.5197 | 266002 | 27.4676 | 20.7761 | 296233 | 204756 | 26.7030 | 28.5920 | 2.7707 | 30.1208 | 20.0014 | 20.8814 
3_|_4015.7959 30.a74_| 30.9028 | 35.7895 | 20.7574 | 29.6459 | 32.9300 | 33.1581 | 32.9154 | 29.5492 | 266472 | 27.5051 | 22.7990 | 206337 _| 204782 | 20.7198 | 20.6103 | 20.7875 | 30.1226 | 29.0003 | 29.0801 
4 | 4006.2771 30.3838_| 30.9041 | 35.7¢97 | 29.7596 | 29.536 | 32.9201 | 23.1683 | 2.9317 | 29.5457 | 266406 | 27.5021 | 20.7983 | 296375 | 204761 | 26.7272 | 2a.cr97 | 2a7604 | 30.1260 | 29.0926 | 20.8827 
5_|_ 404.2107 30.308¢_| 30.2000 | 35.4530 | 20.7677 | 29.6673 | 32.0046 | 33.1092 | 32.0667 _| 29.170 | 27.0119 | 27.st68 | 22.9820 | 29.7388 _| 29.5092 | 20.0733 | 20.7658 | 28.9608 | 30.2009 | 29.0800 | 29.0781 
6 | 4007.1869 go4o8e_| 30.8093 | 35.4502 | 29.7678 | 29.056 | 32.0715 | 33.0903 | 32.0907 | 29.8224 | 27.0115 | 27.ete8 | 20.9003 | 207418 | 205130 | 26.0720 | 22.7716 | 22.9534 | 30.2046 | 29.8907_| 29.8809 
7_| 40137013 30.4267_| 30.6020 | 34.2773 | 29.0065 _| 29.7310 | 32.7133 | 33.0077 _| 22.5019 | 0.7188 | 28.2020 | 28.8064 | 29.5538 | 29.9357_| 206133 | 29.4363 | 29.3398 | 29.6250 | 30.5561 | 29.8879 | 29.770 
8_| 405.6618 30.4393 | 30.6091 | 34.2014 | 29.0083 | 29.7352 | 32.7305 | 33.0002 | 2.0506 | 0.7230 | 20.2074 | 28.8900 | 29.5569 | 29.9340 | 206195 | 20.4460 | 29.2443 | 29.6283 | 30.5504 | 29.0909 | 20.0815 
9 | 406.0362 30.4352_|_30.0903_| 31.8393 | _29.0809_| 29.8777 | 30.8280 | 30.8339 | 30.2014 | _a0.6019 | 28.2058 | 27.9795 | 20.1006 | 224061 _| 20.004 | 26.4819 | 22.3903 | 206305 | 29.5973 | 20.708 _| 29.0786 
10 2200 _| 30.90 | 30.4304 2.132 | 27-9965 | 20.1062 | 20.4207 | 20.0619 | 20.5000 | 20.674 | 20.0221 
1 zoor_| sear _[ sores | soxstr | as.0540 328205 209572 
12 za07_|_s097_| 30.1621 2.5046 | 26.5007 | 296071 | 30.9523 | 20649 | 29.2500 | 20.1971 | 205150 
13 | 4029.9206 30.1587_| 3057<0 | 33.682 | 29.0007 | 29.977 | 32.7504 | 23.0119 | 32.0555 | 1.1236 | 200423 | 29.3932 | 29.0055 | 30.3047 | 20.7490 | 20.8803 | 29.7068 | 30.3132 | 30.7336 | 20.9747 | 20.9508 
14 |_ao15.at07 30.15@_| 305803 | 33.2043 | 29.2009 | 29.8302 | 32.2005 | 33.0639 | s2.67e4 | 1.1926 | 28.2361 | 29.3901 | 29.0960 | 30.3130 | 20.7461 | 29.0951 | 29.7744 | 30.3203 | 30.7433 | 29.9771 | 20.9017 
15 | 400.3627 30.1562_| 30.2008 | 32.1356 | 29.9452 | 29.9300 | 31.4213 | 31.5658 | 31.9945 | 30.8607 | 28.6020 | 28.4073 | 20.4498 | 22184 | 209260 | 26.6063 | 224992 | 2aeo10 | 29.2075 | 29.9503 | 20.9580 
16 |_4023.3629 30.1440_| 30.2008 | 32.1472 | 29.9470 | 29.9309 | 31.4330 | 31.5789 | 1.4173 | 30.8620 | 206081 | 28.4065 | 20.4574 | 2ec019 | 209208 | 26.6259 | 20.5157 | 207982 | 202916 | 29.9623 | 20.9620 
1_| 502.4767 30.4544_| 31.5693 | 39.0977 | 29.6874 | 29.5202 | 34.6622 | 25.0185 | s4.0a56 | 29.4100 | 24.9255 | 26.0009 | 28.0146 | 29.3097 | 20.2601 | 28.0665 | 27.9098 | 22.1662 _| 30.2507 | 29.8909 | 20.8817 
2_|_ s021.8460 go.4e63_| 31.5757 _| 39.1224 | 29.0864 | 29.5209 | 34.6597 | 35.0716 | 34.7501 | 29.4112 | 24.9081 | 26.0664 | 28.0106 | 29.3099 | 20.2608 | 26.0661 | 27.9120 | 2a.1617_| 30.2570 | 29.9031 | 20.0845 
3 | s0209216 30.460_| 315437 | 36.9900 | 29.605 | 29.5242 | 34216 | 34.9865 | 34.7204 | 20.4064 | 24.9772 | 26.1916 | 20.0438 | 20.3325 | 20.2057 | 26.0828 | 27.9000 | 22.1903 | 30.2596 | 29.9001 | 20.8813 
4_|_ 50279479 go49e3_| 315425 | 36.9811 | 29.6007 | 29.5242 | 34.6497 | 35.0201 | 34.7312 | 20.4489 | 24.9730 | 26.1209 | 20.0403 | 20.3208 | 20.2721 | 26.0934 | 27.9447 | 20.2055 | 30.2616 | 29.9022 | 20.0842 
5_|_s018.7371 gosito_| 314155 | 36.5309 | 29.7027 _| 29.5405 | 34.5846 | 34.9565 | 4.816 | 29.423 | 25.4470 | 26.5562 | 20.3332 | 204993 | 20.3049 | 26.3025 | 22.1538 | 204162 _| 304176 | 29.9000 | 20.8815 
6_| 509.2954 30.s23e_| 31.4205 | 36.5420 | 29.7090_| 29.5402 | 34.6051 | 34.9804 _| sa.cee9 | 29.8453 | 25.4551 | 26.5647 | 20.3206 | 204996 | 20.3066 | 26.3040 | 28.1525 | 2a4102_| 304197 _| 29.9033 _| 20.8809 
i 2290 | 30.90 | 305362 27.4240 | 26.2906 | 29.2569_| 29.7020 | 204719 | 20.2100 | 29.0615 | 205709 
8 | 49873660 | 2990 | 3000 | 20.5456 | so.07ee | 6.028 | 29.7617 | 2acase | s4.2205 | 34.0501 | 342210 | 31.2440 | 27.at49 | 20.2030 | 20.2549 | 29.7881 | 29.729 | 22180 | 20.0716 | 295714 | 30.9231 | 200043 | 20.8798 
9 | 50103139 | 2990 | 3990 | 305180 | 30.1696 | 327296 | 29.8004 | 208713 | s1.2808 | 31.3164 | 31.2782 | 31.0014 | 27.4205 | 260416 | 27.1565 | 27.6202 | 29.0508 | 27.7541 | 27.5071 _| 27.9656 | 29.4193 | 29.0813 | 29.8800 
10 | _so07.6372_| 20.90 | 3990 | 305113 | 30.1700 | 32.7265 | 20.8021 _| 20.0730 | 31.2013 | 31.9047 | 31.2800 | 31.0002 | 27.4208 | 26.9507 | 271451 | 27et79 | 20.8538 | 27.7671 | 27.6125 | 27.9602 | 20.4309 | 20.0052 | 20.2800 
11 | 5024029 | 2097 | 3097 | 30.2228 | 31.3320 | 380017 | 202011 | 20610 | 34.0614 | 35.1638 | 345071 | 30.6383 | 26.2315 | 27.4802 | 29.2528 | s0.35ee | 29.4400 | 20.<083 | 28.6911 | 201114 | 30.7939 | 29.9534 | 20.0405 
12 |_s0209216 | 2097 | 3997 | 30.2483 | 31.3352 | 38.0206 | 2a.e040 | 20.6628 | 34.6902 | 35.1851 | 346070 | 30.6442 | 26.2195 | 27.4809 | 29.2546 | 30.3666 _| 20.4420 | 26.0081 | 28.6427 | 20.0886 | 30.8056 | 29.9592 | 20.9556 
13 |_5008.3001_| 20.97 | 3997 | 30.2302 _| 30.9221 | 36.1448 | 20.0566 | 20.7605 | 34.4209 | 35.0708 | 34.2073 | 31.0505 | 28.1567 | 28.9711 | 29.8630 | 30.3789 | 29.6036 | 29.8390 | 20.035 | oae42 | 31.1831 | 299719 | 20.9512 
14 |_ 50202072 | 2097 | 3997 | 30.2301 | 30.9216 | 36.1340 | 20.0565 | 20.7500 | 34.4215 | a5.0707 | 34.2764 _| 31.0511 | 28.1433 | 26.9730 | 29.8019 | 30.3794 | 20.6004 | 29.8064 | 29.6535 | ao.ae4s | 31.1920 | 29.9746 | 20.0576 
15 |_5025.3371_| 2097 | 3997 | 30.1960 _| 30.3084 | 33.2384 | 200285 | 20.0105 | 32.2497 | 32.5277 | 32.2761 _| 31.3808 | 27.0455 | 27.4975 | 275751 | 27.8679 | 20.9066 | 27.0504 | 27.6939 | 20.0846 | 20.453 | 29.9560 _| 20.9554 
16 |_s027.9809 | 2097 | 3997 | 30.1843 _| 30.3087 | 32.2381 | 29.0310 _| 29.9207 | 32.2020 | 32.5053 | 32.277 | 31.3706 | 27.0443 | 27.4803 | 27.5879 | 27.8832 _| 20.9001 | 27.0503 | 27.7187 _| 20.0606 | 29.8502 _| 29.9614 | 20.9609 
1] 60218903 | 2997 | 3997 | 30.0985 | 32.3521 | 43.2678 | 29.6930 | 20.4610 | 37.4530 | 8.0601 | 37.0971 | 20.8005 | 23.2000 | 2aeio9 | 275713 | 29.7210 | 29.1202 | 27.4901 | 27.2604 | 27.7883 | 30.6350 | 29.9620 | 20.0518 
2 | 6032.0606_| 2997 | 3997 | 30.1117 | 32.9503 | 43.2021 | 20.6097 | 20.4622 | 37.4432 | 38.0601 | 37.0527 _| 29.7968 | 23.2147 | 24.7061 | 27.5580 _| 207112 | 29.1299 | 275017 | 27.2609 | 27.7600 | 30.6911 | 29.9731_| 20.0507 
3 | _oos.94a7_| 2997 | 3097 | 30.1915 | s2as40 | 43.2087 | 29.6075 | 204044 | 37.4377 | 8.0807 | 37.0288 | 20.0206 | 23.2273 | 242057 | 27.5605 | 29.7020 | 29.1236 | 274995 | 27.2686 | 27.7720 | 30.6302 | 29.9505 | 29.0474 
4 | cotoazes | 2997 | 2997 | 301486 | 32.0513 | 43.2600 | 206014 | 20.4053 | s7.aaer | 30.1346 | 37.1261 | 29.0351 | 23.2120 | 24.0087 | 27.5438 | 297010 | 29.1225 | 27.4077 | 27.2681 | 27.7015 | 20.6313 | 29.9565 | 20.0456 
5_| sose.7602_| 2997 | 3997 | 30.1870 | 32.1605 | 425564 | 297191 | 204920 | 37.2671 | 38.0495 | 36.0090 | 30.3516 | 23.8365 | 25.3709 | 27.9511 | 29.9447 | 29.1630 | 27.2023 | 27.5651 _| 26.1489 | 30.0556 | 29.0400 | 29,9401 
6 | 60329706 | 2997 | 2997 | 30.2027 | 32.1733 | 42.0551 _| 20.7251 | 20.4061 | 37.2755 | 38.0128 | 36.0736 | 20.3582 | 2.2079 | 25.3560 | 27.0460 | 29.0447 | 29.1626 | 27.7075 | 27.5006 | 20.1501 | 20.8570 | 29.0403 | 20.0407 
7_| 60550102 | 2997 | 3997 | 30.2501 | 31.9308 | 41.7901 | 29.7443 | 20.5230 | a7.a758 | s7.e7se_| 36.0556 | 31.0724 | 2aer4a | 26.1602 | 20.5302 | 0.2350 | 29.1903 | 20.2120 | 27.9824 | 26.6265 | 31.0947 | 29.9136 | 29.9001 
| sosa.7962_] 2997 | 3997 | 30.2623 | 31.9567 | 41.0960 | 29.7534 | 205235 | 37.2065 | 37.9004 | 36.7055 | 31.0796 | 24.6103 | 26.1058 | 20.5418 | 30.2381 | 29.2059 | 282266 | 27.9869 | 20.0548 | 31.1070 | 29.9225 | 2.0142 
9 | 60201517 | 2997 | 3997 | 30.2574 | a1.s0e7 | 40.0862 | 29.7717 | 29.044 | 36.7605 | s7.c68e | 36.3219 | 32.1095 | 26.3406 | 27.6735 | 20.3721 | 0.4376 | 20.3347 | 29.1204 | 20.0010 | 29.9314 | s1.4926 | 20.9040 | 29,9101 
10 |_6026.6733_| 2097 | 3997 | 30.2603 _| 31.5580 | ao.o171 | 29.7760 | 206134 | 36.7555 | 37.6480 | 36.3593 | 32.1985 | 26.3569 | 27.6705 | 29.3831 | 0.4403 _| 29.3437 | 20.1315 | 20.0040 | 29.9303 | 31.5071 | 20.0407 _| 29.9261 
+1 | 60245203 | 2097 | 3997 | 30.2520 | 31.2772 | sa7asa | 29.8001 _| 206758 | 36.3710 | 37.9330 | 36.2500 | 32.0093 | 27.5545 | 20.5877 | 297177 | 30.3738 _| 20.4549 | 20.0491 | 29.5460 | 30.7304 | 31.6905 | 29.9567 | 20.0315 
12 |_var1s47_| 2097 | 3997 | 30.2373 | 31.2790 | 38.7343 | 29.8097 | 20.6706 | 36.3460 | 37.2064 | 36.9119 | 32.0044 | 27.5303 | 26.5016 | 29.7063 | 30.3699 | 29.4552 | 20.0260 | 29.5735 | 0.7171 | 31.6062 _| 29.9595 _| 20.0925 
13 |_6053.3305_| 2097 | 3997 | 30.1807 _| 30.4453 | 34.6065 | 20.0102 | 20.2030 | 33.2085 | 33.2011 | 33.310 | 32.1087 | 27.0684 | 26.0858 | 26.5922 | 26.9950 | 20.8602 | 26.9000 | 26.7756 | 27.3118 | 20.7451 | 29.9368 | 20.9362 
14 |_vsa.1589_| 2097 | 3997 | 301924 | 304465 | 34.6730 | 209126 | 20.0057 | 33.3492 | 33.7049 | 33.2020 | 32.1203 | 27.0563 | 26.4872 | 26.5970 | 27.0220 | 20.8647 | 27.0140 | 26.7935 | 27.3477 | 29.7503 _| 29.0445 | 20.0430 
15 | 60237340 | 2097 | 3997 | 30.1773 | 30.3417 | 33.9230 | 20.080 | 20.9358 | 31.9026 | 32.0006 | 32.0367 | 31.6050 | 26.371 | 25.0004 | 26.0376 | 26.6750 _| 20.0047 | 26.7353 | 26.5001 | 27.1482 | 29.1857 | 29.0428 | 20.0495 
16 | cv20.960a | 2097 | 3997 | s01718 | 30.397 | 33.9233 [ 29.9500 _] 20.9379 | 31.9812 | 32.0143 | 32.0409 | 31.0508 | 26.3603 | 25.6901 | 26.0502 | 26.6670 | 29.8922 | 26.7347 | 26.4922 | 27.1145 | 29.2030 | 29.9500 | 20.9503 
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a oO a — = = —e. tn 
oy S |e |g Ig 3S | e |8 g 8 ry 
ny cy a= fo) a fo) fo) a Ss BE L 3 iL 5 
a> 1§ © St = Se 8 iL iL ic o Jo ) rr) 
s jf |$ w w oe |e fe 2 | [it u 8 | 2 & k lf 
= la le e |£ j= je je JF IF JE JE |S [6 Jo |SmH2 |Sale |S |i 
= |8 /8 |8 =~ ile fs ff j2 JE IE Js [2 |s [Ss Js |welBe feels Js fu 
a e |e J/£ |£ |£ |s Jo |e £ = /s 3 £& /3 3 6 fes/S5% jusl/- |e iu 
[4 a a a a a a a e Fe e e e e e e e RFoaeF> |/OL>/a e (s) 
| RESTE | BEBE] BERGER SESE | S| BESTT | SESE | SBE TEGE | SSEBTIO|SOSRGGT|SSSSRGE| SOTO] OTE] SERGE | SEER} SETEBT | TSS] ATS Be Lo 
ERR] BERGE | ESTE | ERSTE] SEAT | ETE | SEHR | SST | ERTS | SSEOTAS | SSSSGTS SSE REES | SOAS | SSO] SSEACES | CHOATE | SSS} TAUE| TATE Sm Sa Kecead 
5| ORE} SEBS | DEENA | BERET | SEPT | S| BE TEVE| SE TERE| SEE EEGT | SESETEN | SSEATES | SOETAGE | SUEASES | HOZTOR | SSERNOE-|SUERETA | SECRET | TUS] TATE TE | TOS | OT 
|RSS | BERGE | TES | TERRE} SEAS] ESET | SE ATT-| SSIS | EEEST | SEITEN SOBGGT STORE| EBERT | SSUATST | SEOOGT | SOOPER] SERIES} TRE | TST BT | TOS] ORT 
| ATES} BSB] BEAT | BERS | SABA | BT] BA BESS | SU BREE | SEEATET | SSSATOS—|SO7ABBO | —ST-ITEE|SSSTODS | CSTE] SSESES | SUERUTT | SHURE] TTaa| 2ST TT | TOE | OS 
[6 | 2028.04T2 PAR vi} PART iry BAR:kiiky 349456 | Wess | 34.9108 KE: i]si59 EX RsKis1:] BITOIO0 | 537.5050 | 537.4505 Bas ZoTT BaTO7ST | 530.c067 Ba0.0626 B30. 7806 T3970 “TAS TO TOT TBST 
7 | BETTE} SSB] BE BEGE | BERGE [SESE] ESS] BESOOE| SSSR | ESE SEGO| SECTOR SUT TEEE|SUTERET | SURREY | HOES] SOOTY] SSERGOT | SSESGOA | OTE} BT TORRE] TOS] OS 
5| REUZE| SBSH | BERETA] BERREE | SEVIS] EBT] BESEAT | SE GEEE—| SBEGTGE | —SESAUOE|SOTBUAT|SGTRGGT—| SUR TOGE | SHCSTEE | SEROGS | SUES} SERGE |S] EE Sam LaLa Recs 
5 | BORED} SBT] BEBTES|-BERTAO| SEAT | EBTET-| BEOGET| SETHE | SEA USGT|~SSU-TOOE| SO7BTED|—STRGGA|SUESTEN—| HC TEAT | SSETONE | SUEEAT | STEREOS | STE eT | | OEE 
15 | -REEAEIE| BESET | LEB] BEBTEE | SETAE] BSBETS| SEO] BETTS | SALONA | SSETV7T—|SSTRGTS| SUT BTOB | SSSSEET | CASE] SE-TOBS | SSETOOA | SOREOTE OTST] TE eT || OTS 
77] HEEB] ERSTE | BSGOT | SERGE] SBS | SEES | SEE |-SOR EET | —SEETETT | BSESSET | SSEREGU | SBESOOT | HOBTER] SSTATET | SSETGBN | SOBRE] TEMES | TTS BT TO OSE 
TE] BRUTE | SESGOT | ZEAE] BESGGE | SERGI] BIBTES| SDT | SETS | SOA | SESS | BOERS | SSEETOE | SSEOGTE | SEES] SHORTS] STOOL] SHORTEN] TRG | SS TT] Oa | OSE 
15 | ANEESTE | SESSAS| TESST | BESGOE | SATIS] BSBTST-| SEAS | SEATS | SOR TERT| SEA BODE|SOE-TUTS | SSEGTE | SSEBON | CEE] STSGT | SSNPS} SPEEA | aT | TO] OT 
TE] BRETT | SESSRE LESS |-BESGOT | SEATAO| BSBTO-|-SEAEES| SEATED | -SOSEET? | SESSGGA—|SOESGSS | SSEBGGE | SBEGETS | HOTERE | SEAOTS | SETAE | SOROGAA|-OABUE | SRS Tas] TRS OST 
{5 | RUSH] ERGO] LESTE |-BESEGO | SERTAT-| BSBTOT_| SESE | SEBTET|-SEETEST | SEESSGT—|SSSAVOO | SSESGGT—|-SSEOUET—| OST] SET GTE | SET ASE} SERGE OaarO| SOT Ta | TRE | OE 
5 | ECR | SERGE | TE BRRT [BESTE | SEPT] SBT | SETHE | SETSTO| BEERS | SEE ZEAO|SSEAOTS | SSESTET | SBEGATO | SHOBSRE | SATAY | SETSOGT | SET TOTE| APSO | PASS Tae | OTE 
[SIESTA |S] BEBOAT |B POE SERGE] | BERGA | SEEVES | SBE OGRE| BESTEST | SBTC SEATS] SURAT | LTTE] SS ROTE | SIESE | SEO EGS | ATTA | TTT] RT| OT 
SST | BETES | TR} BETES | SSO | ESSE | RE | SOESE—| SCOTT | SSSEEST | SSEBGAT | SGEBGGO| SBOE | SOUBET| SVEATAE| AEDES | HERE | P| ESA | ORE TT TE 
5 [SOE IETS| BTR | BETEA | BETES | SETSNT-| BTS] BEOEET | SE ORES—| SESTIO—|SOSRE—| SSETEGT|SSEREGT—|SSORUPS | SOGTERT] SUB SATT-| SRESOEA | SEATED | PORE | —EASGE—| TRE] S| | OE 
[SHES | BETES] SEB} BETA} BEATEN | ESTE | SE S| SSUES | EATON | SEBS | SSRETTE [SSB | SSO SEES—| SATB | STE OEGO| AEE] SHEER} EVA | AAAS | STRESS TRE 
5 | SER} SETHE] BEBE] SET PEO | -SESOTT-| CBTET-| BESEAT| GEST | SOAESTO|SSSSATS|SSEREGE| SELENE | SUTOPSE | TONE] SUE TESS | SAREE} SAREE] TBH | EGGS | GST | TT | CT 
5 SEES | BETES | ERT | TET] SESETA| ESTE | ESET | SEBOES | ESCSTIS | SOAEOOE | STOTT SEE TEGT | SBOE SCE] SVEAGE | AEE] HET} TE | ERR SST] S| OT 
77] BETO] ZEST |-ZE SUT |-BEBTEO | SEROSU| BFSRE | SEGRE | SESE} SOR TE | SEEASGS|SUTRSGT | SUTATSE | SEEAOTA | SHSTES] SSCSGGT | SOT TETE | SOTROAT | ave | SEPT] OTT S| | 
TE] -SRTBESS | SESGGT | LESTE |-BEBTET | SETA] BSBSIS| SESE | SE BASS} SOE GTEE|SEESSGA—|SUTDOGE | SUESSSS | SOSBGE | SEEHRGG] ST-SSSA-|-SAOTTGE | SEEAGHE| TOGO] ESE |S RE | CAT] SS 
7 | RESETS} BESS] PEBES | BERG] SETOGD | EBS] BEG | SE BHGE| SEA STEA | SSUTET | SOERGT | SSETSTS—|SHTOGOS | SOUETOR | SIS REGS | SAESGOT—] SOEBGGT | TaTIE| —SEOSTE—| PSPS] TE] EA] RST 
5| BOOS ZEB} BSR | PEST] BSRTTO | SETS] ETS] BEG | BEET | SEAS | SSU-TOTS | SSEDNBS| SERGE | SSEOGRE—| HOBOET | SUSARSE | SAESGET | SOETORT |RSS | TOSS | OSS] TE] CAT] OTE 
5] -SAUBRGT| BESTS] TESST [BE SUSY} SEARS] BSBGOE SEAT] EAST | SEAS | SSE | SEBS | SGETIPE | SSOTOOE | TST | SEAT | SET] SOS | S| ROOT | S| TP OTT 
TE] RATT] BESET] BES] BESTET | BEASTIE | SEAT | SEAT |S SESE] SEA SSSE [SUT DGSS | SHESEOS | SHUSVEA | SORTER] SSSSAES- | SSESTOX | SEERSOS| ASSO] ESSE | aR] SRE | RT| OT 
15] SRE | ESOS LESTE | BEET} SERS | SSSR | SENET | SEES |S BTES| SEA AOST | SUESGGT | SUEREGS | SST AVEA | SEHR] SUCRE | SSEGETA | SEBGOE | TAGE | SSE | OTPSS | S| NST OE 
5 | ECA | ESSE] TESS] BESEAA | SES] BE | SE DE-| EDTET |S ETE |SESDSSS | SUERSGE | SUE REOE | SHVBESE—| CESS] SSUSTEE | SOTASSE | SSOBGRT | TOT | RSS| RETA | TT || Oa 
5 | SOLER} BIBT | BESCOO|-BEBSGO | SEZEGS| EBTOT-| BETE| SETA | SASHES | SSUBGGS | SOETAS | SSERGOS—|SOSTOST | SHSEBY | SUC TEGT | SUR POTT] SRERGET | SSS | SRS [UST | OTE | TT OTT 
15] -SRETES| SEATS |-LEBTSD| BERT] SESE | SBT | SE AT-| SE TETO} SSO] SSASTOE—|SUEATOS | SHEBUOS—|SSSOOTT | BEES] SOASTON | SAA SSEE | SETS | TTS | RST | SSE] COTE] TE OTE 
[ROR RS |B |BE TESST REDE] EBT] BEADS | AEAEES| SSR TAOS| SES SOSS | SSTOAT | SSETERS | SOSOGOS | ORB] TTT] SERENA} SSRBOTT ESTE | DRS TTA] S| OT 
Z| RRETEST|BETIOS | ETRE} BER} SEGAGT | ESBS | AEAGES-| ESOT | ETS | SEETATE | SECOGGA | SECSVIA | SEES SUB] SEEOOTE | SSE RENT | SSE SESE| ESA | ESSE] SET TTS] Tf ORT 
S| RETESS} BETTE] SETAE |RSS | SERGE | CE BBNT-| AESE| AEST | BA SHGT | SSS TRTE | SSUBGOT|SSEBTEE | SEEPS} EUTAE | SEAT | SERA} SERVE |-EPAOT | RATES| TR | | as OS 
ARTF |BETTaO | TRE} TERE] SEAGEE | ESSE | AES | ESSE | SSG] SSETOAS | STOVE | SECTOOG| SEGA —| SOUT] SEESTES | SEER | RSET | ESE] ESTE] SRS TTT] OE 
S| ROREEAO | BETERT | BETESE|-BEPOPE | AT REEE | CE BOT-| ABA | A TIGE| SOA SHOE| SESE | SHUSGGE | -SSEABSS|—SERTOOS | HO BTEE | SS SRE | SSERVOT | SSERTET | EBS | SSR | TTS] RT| S| OT 
5 ARTSERVE} ETRE} BST] SGT | ATOM] TBA | EE SES OOGT— | SEREOE | SEETVE| SOE STOE—| SOO | SEESETT | SETHE | SSE RTE} ERT | BOE | OST OE 
7 | RORE TERS} BEERS] BETEVO|-BEPERE|SESOGT| GAT] BESET | BEAUTE | SASSY | SSURTET | SSESGTO | -SSESEAT | SETBOTE | BGR | SSUES | SSEOPOE | SSSETEE [EMO | —ESGGE—| TPR] ORS] | OS 
5 | AOE BET} SETAE | BETERT |B PSGE [SEGUE] EBOT-| BEAU | BEAUTE | EBEDOTA | SOU SSSO—| SHUOTT| SHO TERE | SEE TOPE | HEDEDT | SSUBATT|SSEDTTT | SETS ERO |B ATET | TBST] TEAR OTA 
5 | AOE TRE} BEBE |-DESEA | BERGE |-SSATIT-| EBAY] BEGET | SS BBIT—| SEE SSSS|—SSS2UOS—|SHEBGGE| SHESNOS | SSSSGS | HC TETE| SEGRE | SSETORE | SSUES OPS | SSE || S| | OS 
15 | AAT SRS | ERTS |LERTE | BERT} SETA] SBE | SEBS | SEES} SSG] SUSSGAT—|BUESGOT | SUEASET | SSESETE | SHO TERS| SSEATES | SSEETGE | SSOBGGT | PEAT] ESOS] ORGS] CTO || OT 
77] ATR | SERS | TERS] BBO} SERGE | SST] SE SER-| ESOS} SEEDERS | SEE SGSS SUBSE | SUTOSO| SBE] SHTATIS-| SEASST | SSUOETT | BESTE ETO | EST] TTT | IS | TS Oa 
TE] ESBS | SEBGAT | PERS] SERVOS} SEO] BIBS | SEE] SSB} SETS | SERIE [SUT BGVT| SUAS |-SHRETE | CEST] SETSGS | SSOTTTE | SOEREGT [ESET | RST —| TSA] RT| TE OT 
15] AUER | SERTAS | TERT | BEBGET | SATS | SSE | SEAT | SCSESS |S VON] SEASSGS|SUTTGE| BUTANE] SEEASGO | OER] SOESROE | SASSBOE—| SOE SGTE | EOP | EAST —| TOSS S| | OPT 
TE] RESTS] SEBTIE | PERG] BEBSGE | SABES | BSDRE-| TASER | SC STAS| SOR ES] SET EROS [SUT BGS| SUT SSTT | SERESTE | SHCETIE-] SOT BUOE-|SAARETA | BOERS | TREY | BOSSE] TRS | | OT 
5] HOTS | ESSE] ESET] DSHS} SEDGE} SSS] SSSR | ETESIS|-SEE GRY | SEESUOT—|SOEATEE | SUESOTS | SGUETTE | SHETORT| STEPH |-SSERE | SOT TGOE| BOTS] —TSGRS | OSTEO | | OST 
5] AOE | ZERO] LESTE] BESGGE | SAUTE | SSSR | SESE | SERRE} SER TEAS| SEARS |SUESTOS | SHEBGOS | SSUTOOE | HOST] SERRE | SSEPOOE | SETAE | PPE | EBSA | OBTeS | SE | ET OSS 
| SOREATET}- BERET | BESTE |RSS [ASB] REGS | AUER] AU BVO | BEAUEA|SESSEET—| SUCOTST| SSRN | STEEDS | CREAT] SBT STS | SERS} SPETOGS SABRE | AT SESS | TSS] ATS] | OS 
Z] SST | BRE | BTS} BRAT | TERETE | ESOT | ATRARE | AUB | ESET | SEESSO | SUOCEBTE | SUOTODE|-STESOAT | SOETOT | SEVRGGT | SVEAEST | SPER} SOO] TORE | POO] TES] OE 
5 | ROSE} SIRS | BESTA] BEBOE | AORTSE | RT| HOSES | AUB | SEA SATE|SSSSSST—| SUCRE | SUDAN | STESRGE | ABE] SRSGT | STESTAT | SPETIET [BUNS | SARE | TST] TTT | | OE 
|S SA| BERT | TBR} BRE] SORT | ERSTE | AT BE| AUS | EE S| SELENE TOGE | SUOOATE | STESA | SOTTO | SET ETES | STORE| SPER | ESE | TERRY | BET] S| ORT 
S| SETS} BSBAE| BESS] SERRE | NOE | RT| APES | AU TEOS—| SOA TERT | SSSSOET | SSURGTE | SSEROTT | SUERTE | OAH] SEREGT | STEPS} ST TEAT | SETAE] ASSHTE | TRS] ET | | OT 
5 SHE RT| SERS] RTS} EERE} SORE] SERGE | A TRT-| OTOL —| EGGS | SGETVE | SETERE | SECETAS | STORET —| SUSE | SETAE | STAT] SPCSSTS | EAGT | STRATOS | PSE Tf 
7 | ASSESS} BEST | BETES |B | SESS | RES | BE TOOS| SEDO | SBEOTPA|SSUOSE | SSERGOT | -SBEBOAN | SEETGSE | CSTE] SU TRUE | SEERSOO | SESBTET ERR | OSE] TABS] RE | | OS 
5 | ASST SRR} BETST | BETETS | BESET |-SEAOS| EEGT-| BE TORT| SE TETT—| SBE TOOO|-SSSRGTE | SUOSERS | SUOSOEO| SETS | EHO] SURGE | SETS} SESEGTE BOGGS | SUTOS | TBST] OT] | OPES 
| SUS} SSBC] BEBE |RSS | SETSGS| CE BTES| TEPER | SETA | SBE RGA | SSEASAT | SUOIGGE|SSERATO | SETSVGO—| HORE] ESATO] SSSETIS | SOORGE| TGS | —EPSSS—| ORES] TS] TT] OT 
5] SUES] SERTOT | ZEBTEA|-BEBGRE | SPAS | BSE | SETRE| SETS} SOESEST | SUEATOS|SOESGGS | SUESTAT—|-SHTEENA | SHOTEVS| SEESTGS | SRERSGE | SBOOEGO| TOOT | SERGE —| UBT Te | AT | OT 
77] SCAT] SETSOO | PETER] BETTGS | SETTERS | SE GE| SEBO} SESE | SEE SOE |SGTSGOT | SUT RGGE | STEPS] SEER] SESE | SSSSRGS | GREAT | SAVEA | A ESE| PERE] S| | OS 
TE] BATES | SETSSE | TESTERS | DETERS} SERIO | BUSTS | SERS | SETS} SESE | SEA SETE | SOERANE | SUETSTE | STESEGE | SITS] SS ATT | SET RSSE | STATE] SOURS] CGA] | S| S| OST 












































56 





























CFF Corrected 
Mass Flow (Ibm/s) 
Corrected Power 
Corrected Speed 
Computed MA 
Computed MA 
Power (hp) 
Corrected 
Computed MA 
Mdot(kg/s) 
Corrected 
Computed MA HP. 
i Ptbar Out 
Velocity Exit (m/s) 
Corrected Thrust 
Corrected 
Computed MA 
Mdot(Ibm/s) 


A ana 


LE Temp Exit 


BIO S0OT 


os 
Sere ie 
pe 


7 
an GS GS ee fre tre fesrse pare porre tere tre peter birret re —frome —f 
Fer of Oe [a ee eee | are | 


pr | 
Tee re == te 
[eave ae 


Ga a aac bc a Wa hid a a eee ee ee = 


BOTS | OBTe. | 270eF Tats | 0.008 2018 Bear [1.1476 | 1.1557 


TaIoS 


betas Bnei a 
ial 





oui 


A3. 


TEST 2: TWO CAVITIES BLANKED 




































































































































































































































































g se |g |8 |@ |F IF 

3 3 3 So BE S fri) 

7) 0 x = re =r — 

~ fwd od ad > i. uw i. 

a = [4 it it ims irs im 

5 E Foje |§ [5 Jo |S S) 

_ ” (S) o ” ” ” 

c = £& a Ss =} Ss Ss 

s o © o |£ J) £ £ £ CS) CS) ) 4 a rs) Q w re ie) x a > x = 
x x a ja jo a a a a a a a a a a a a a a a a a a a 

7 TOT SSE 75.80 —] 3a8d | sores | Da.aee [ar aeaT |e Tess —|aaraeT —|so.3880 —[SoaTea —[SoAea | TaTIEs —|Da.a0se [Poa | Fea0ss —[aeaaTS —[DorIst —| Darrer | za.eaT0 | DasaaT | Da.B0a | Do7ETS | 7878S 
z TOURS 2580 | 3asd | so Tes | FaaTOS [ar aess [a TEGe [aa raee —|so.a0 —PoaaTE —[Soaees —|aarisT | 2e.a0ss [Po soes |e a000 —[weaaes [Parise | 2a77es | aaeieY | sass? —] oa.B0eT | Da7IT | 7a 7Bo 
% THEsET 7580 | 3a80 | soz0Ie —|T.aesT [ar oaas [eres —|aaraTs —|so.sert —[soaTeo —[S0asz —|aara1e —|re.aves —[Poaoas —[ea0se —[weaars [Daria | darrre | aaeaes | Ta asis | Da.B0as | Doras | 7a 7e6e 
zy TOT SOS | 2580 | 380 | soDIEs | Da.aese [ar oaas [ares —|aarase —|aose0e —[soaDa —[SoAea0 | aa Ta0e —|oeaTas [Pease —[eaoss —[aeaaTs [Parise | Zar7res | aaeare | Tasis | Da.B0as | Do-7eGe | 78.7865 
5 TOE SuE | 75.80 | 380 | so DIES | Ta.BSIE [30.88 —|FaTEST [za Te0S —|sO.ase7 [3058S —[oAIOa | aa TTET —|De.aeOs — [oases |e ae0e | Teaea [Dorey —| Daverr | se.eaes | Da seet —|DaBTes | Da7ea | 2a 7EsT 
3 DOTTIE | 2580 | 3a80 | soasES | Tasso —[soseTs —|FaTe0e —|zareIs —|so.sser —[sosesa Tosa —|aarrIe —|ae.asat —[Poasse —[easrs | we.as00 | Dareat | Paresa oobi | Ta seTT | Fe.B000 | DaTEST | 7a 7EIS 
7 Tera? | 7580 | 3e80 | sass —|FaasES —[soaTES [Fares —|zarE7O | soso [Hoses —|IoIHAT —|aaeaEs —|DaSiOY —[Dosais —[eszar —[aasers [eras —| Ze soos | 7a.ases | Taree | To.Bset | Pores [7077S 
3 Tosa | 75.80 | 38d | soe —|aaaaTT —|so.aTEs [area —|aaTeI0 —|so.sdes —[sosess —[IoaIoT | zaeaaT | oa.s006 —[Posoas [ae srea oases [Dares | Pesar —|oaases | za sri7 | aaware [Dares | 2a 7a 
5 TOSSES | 7580 | 3e80 | soaTIO | waaTeS —[soTIea —|FaTess [wa TeHe | 30.2600 [30380 [oss | aVGGS —|DseTE [Posie [esi | we.ases —[Pe7s00 —| Feats | wo.Bs0 | Da aTAD | D.BSTS —|DorETS | 757800 
rr TOE OaeO 2580 | 3asd | soaTES —|waaiTe —|soTI0 [Fares [aa rese —|so.zE0s —[soss0 [ower —|aaaET —|aaseTT Posi [estes —[so.eses [Parsi | Dearie | 2o.aso | saa7es | Dees | Dares [za 7eIe 
Ti Toes 7580 | 3asd | sosIO | wa.BeeS —[soRIaA —[aTere —|aarras —|so.zaes —[aos0es —|SoaTs8 —|aaaTes —|Daeway [Po saao —[aeasir [saree [ores | Zasosa | 7o.as0 | 7a Gee | DaBaTT | Do7ETO | 2a7TS 
7 Toe TET | 7580 | 380 | sozeET —|Ta.nees —|soEIeT [Fe s00 —|zarrET —|sozoTs —[sozeT [Io Dess | TaaTEs —|oa.eIeS — [Posse [asses —|Te.eea0 [Dares —| Passi | Daas | TaseT | Dees [Dorey | za 7eDe 
rr ToesITE | 7580 | 3e8d —|sosaIe | F.aTES —[sosiTe —|FaTesa —|aareI —| woes [oss [IoD —|sooTas —|aaeros —[Posera [aero [serie | DerVes | Dassa | DaeaaT —| Ta aDo | oaBsas | Dares [za 781S 
7 TOSS | 2ea0 | 3asd [soa | saarTs —[sosaaa [Fears [aa reas —|wo.1e1s —[soaa00 [So azE0 | some —|ra.neTs — [Poses [aa ro0s —|aarie0 | Der77a | Za soso | 2a. eteT | aa aaso | Da.BaTs | Po790s | Fa 7eIS 
5 WorEDTS 2580 | 3a80 | sosae | Da.aeTs —[so.asae Fess —| wa reaT —|so.08eT — [ota oto sore —|aaeeIs —[Dories [aa ras0 —[wara3s [ares | Zavaro | 7a.aoe | Tao1e | Fe.B0es | Do-7eGs |S 7EDE 
7% DOSE IIO | 2580] 3a8d | sosaDT | Baaera —[soasaE Fe aaS —|aareoT —|so.0ees [0.1264 —|So-t0es | so oTEs —|aa.eees —[Daries —[aarais —[se.7a70 [Dares | Pa7ess —|7aaae | Tav0Ds | Da.BoTe | DoTeaT | 7a 7eIS 
7 TOS EIOO | 2580 | 3aBd | soaaae woes —[aasere | arIe0 —|aaerI0 —|siaoes [ar a0sS |r aaes | aa eTeD | aaoTee [De areT [ae aees —[aasaTs —[DesoTE | FeTTo | Za.S1O | so-1a6o —] Te.B0IS | Pos | Ta 7ETS 
z TweEaeTE 75.80 | 380 | soaesE | aoaee [aaa —BarIoT —|aaeeir —|aiaoes Parse [arsed | aaei7e —|ae.o1es [Dears [ae area —[aa.saae [Doses —| Za vese —|7o.ssss | soaaia | 7e.B08s | Doss | 7. 7aE 
% soi oTaT | 2aa0 | 380 | so seas | so.168s —[aasaes | Para08 —|aaeane | ai aoay Par aies [ar anos —|aaeais —|aeare [pesos [ae aad —[aa.sver [asics | 2a 7ess | 7a.s1es | soisea | aaaris | Dos0ar | za 7eae 
zy 301430 | 2580 | 3aB0 | soaTTS | so.t68e —[aaserE | Paraes —|aaweas —| a1 ao80 [ai sead [ar seed | aeaae —|ae.suey [pe seas [ae aars —[aa.ssas [esi | Zarri0 | aassre | soaaat oer | Po.800 | 75.7865 
5 Tose se | 2aa0 | 3a8d | so sees —|wo.tese [sated arava —|aaeeas | ates [ai aeaa [ar Dead | aa reas —|ae.0a07 —[Pen000 [ae sars —[seusrt [Desai | Dears | Da oraas | aoarar | 3o.Bs3s [Doss | a 7EIE 
3 TOSaTIOS | 280 | 3esd —|soseaT | wo.183s —|aaa0ea | Fara68 —|aaewar —| sites [ai aeaa —[ara0e0 | za 7e4o | Da.0a7Ts — [pases [ae woes | Te.0s8s Dees —| Pesos —|De.areY | s0-a7I0 | wa.BsI0 | Do.B0Gs | ATE 
7 wosTs0aT | 280 | 3a8d | soaToE | w0.1080 [avo — erase —|aaroes aia [ai aaas [ar aaie aa ris | oater | Potaad | aeraes [sono [De esas | Zeasie | 2a.seet | so-1980 | DasoTe | Do.B0T | 2a 7eIE 
3 Toe ASE 2580 | 3eBO | soaTeE —|wo.taI0 [sav | aarass [aa roes —|ai tas Pai aaat [rade | sata | oa-teas —[otast | aetara [sono —[Doesar | 2a ard | aa-so1e | 302005 —] 7e.9080 | Do.806s | 2a 7e77 
5 TWEE DSIO | 2580 | 3a80 | soaaTE | soars ar esoe | Parse [wares —|so.sses Pai taea [ar oaea aoa —|aearas —oseer —[aeares —[ae.asra —[Dar024 | 2earss | a0.00at | soaiea —] Da.a610 | Doss | aa 7asE 
0 TEESE T2580 | 380 —|soaaIe | so.0aTe area [sare aa 7es0 | soars) Pai tare [ar 0a0s soins —|ae.areas —[osess [ae area —[ao.ases [a 7oat | Zaarai | a0.00s | soziat | sa.ss2s [Posse | 75.7885 
Ti Toes ase 25.80 | 3e8d | soaaoT | Bases ai aeae —[arees [aa 7eIs —|so.anes —Parosay [so aees —|soniar —|ae.a00s [peavey —[aeaees [oasis [verse | 2aasrr | 7a.ses | aoirer | oases | Doras —] 75.7860 
@ TOSS 2580 | 380 | soassO | Ba.aees [a arey —[aarear [area | sows —Par0aes —[Soaesa [sons —|reaen —[roaeni [ae aees —[ae5a70 —[o73es | 2a sees | 7a.900 | so1ea7 — oa.s488 [Dose | aa 7erT 
7 TOROS 75.80 | 380 | soasao | sa.aass [ar aEas [Fare —|zarTIe —|soeDes Pores [Boras —|sosses —|rasie —[Poseoa —[Fesoss [reese [ores | Passos | 7o.ases | so1ag0 | oasis | Do7ea7 | Ta 7ee 
7% TOSTAIEE | 2580 | 380 | soamaE | aaaaaT [aioe —[aareva —|aarraa —|so.eoor Poros [Sarasa —|sosare —|aasiee —[osens [ae soss —[vo.eses [ered | 2a asso | 7a. 0ee | ao1386 | aa.aT0s | Do-7es4 | 7a 7e6e 
7% Tesi 2580 | 3aBd | soasIe | sa.s030 —[soaTas [area [aa 7esi —|so.a7os —[soses —[Soaees soz —|2e.s007 —[Posaea [ae sseo [racers [errs | vavexa 7a. eaa | so nas | oa.8a36 | Dorea7 | 75.7845 
76 Tose IGS | 2580 | 3a80 | soasaT —|aa.soas [soars —[FaTees [wa Teee —|so.aTeD [Hoss [oar —|sosoIs —| reso —[Posara —[aeseos —[ae.eeas [ares | Za 7ear | 7a.a00s | 300307 | sa.eses —|o-7e74 | 2. 7a75 
7 TOVETES [was [wars oases | s0aT0a | sa zaDs | raeaae | Pasass —|aaaesa | aasei0 | aasTa0 |e aesa | vaDies —|oa.110s —]2e.08s | a 1s8s | oaaaae —DaTOI [soo sO | Daria | wa.7780 | Pa TaST 
z TorT tas [75.75 [sors | 3oasss | s0Awws | 347530 | TaeII [Pesca —|aaaari —|aasaes —|aaseas [eases | aoa | 76.1090] 20.0868 | Te taDe | aaanEE Paro [soos | 30sa0e | 2a7700 —| ware | PaTaTA 
3 TOsaSeeE [75.75 [sare —[oaes8 | soaese | sao | 2s —Pesari —|saanaa —|aasese | aa.sees —[Pearra | vaaaea | oa.1057 20.074 | a 168s | oaaos0 Paros | so oaes [OBST | Barra | warTas |e TaaT 
zy TOTEAEA Tare [wars | soaren —[soaert | aamaes | aaease | aasuas —[aaaaar aa seor | saseet | 2e.ares [pe aear [ve 1aq0 | aa 0e3e —[2e-1684 | 2a ams8 | wa.ro8s [00800 | aoa —DoTTa | 2a 7728 | 27H 
5 qosaTa0S [wars [sors —|3oaBes | soAveT —|aawsIs —|aaeIss [Passi —|sase0a | saaaas —|aaaaae Pa roar —|aaaari —|oa.aaes —)2e-naae | a seed | raases [Darr [saver [0.563 | Ba asIa | wa.r70s Paras 
3 qoeraeis [ars [sors | 3oarO [soa aa aTI0 | aaeIse [Passa —|aassi7 —|saso10 | aa.asrs [arose | vaaaea —|oa.aa0s —]2en0es | a saTO | aaasTs Darra [ao 10S Soa | BaasIe | Ta.reIe Pa TaTe 
7 oar oes | 7a.7s [sors —Sosves | 30 sar) | aa eae | aaeers [Pe sear sais —|saavst —aaaiit | Paswar |e ares | oaseaT —)7e.s00s | va suss | aas02s [Tesi [ao iene —[30aeas | Daaata | wa.rere | 2a Taes 
5 qorsaaI0 | aa.7s [sors —osirs | s0sare | aa eaes | 2aeses Pa saTe | saDoTe | saavas asia [Po sars |e ared | sa.see7 —]7e.s8es [a swes —|7as0s0 Desa? [ao isis —[o.aesa | Do aaaa | wa.reTS |e TIeT 
5 ‘oer sors [wars [sors —Sosas | s01Tes | savas | TaeTes Pa wIss | sia | seas Par woes — Io sea0 | wa oIS | aa.aeeT —2e.sese | TaIDS | aaETIE Pasir ao teed —[o.s06s | To Naae | wa.TETS PS TIET 
rr Tose | 7a.75 —[aa.7s —Sosiss —|so-1ea7 | szaees | 2a.eaT |e wses [area | saaris ar erse —[aose08 | zavori —|ae.a7os —] 26.5850 | a180s | aaBTEs [asi —|so1eaT —[osveT | so0ses | wares | eTarE 
Ti Tosa | 7a.7s [sors | Sosss | so vars | sasaIs |r Pasar ai raor | aaaes a raat osaas [aa ieis | sa.tera —]2a-teat | sa s0ss —|aaenas —Dasvet —|aoters | soaras | so oaas 39.7650 | 2a Tas 
7 qorEsTas | 7a.7s [sors —Soswes | so veTO | saaase | 7a.eIGO Pewee | aaTIs0 | sataIs ares —[Bosaad |e 1s0a | oa.tee7 —]2a-teai | a s04e —|aaears —[Pasoes ao 168s —soaras | so oaae | wa.768s Pe TIes 
ri oar Sue | wa.7s [sors | 3osIaO | Bava a 7eas | 2a.700 [Pe TOrS [si aaea [ai si00 areas —orass | waaaEa [oases | aaa | waawed | aaees —Daari7 [soars —[30sseE | DavETa | wa.7882 PO THAT 
7 TOrisTaO [wars [sare oss | waved ai. 7ess aura | Paros | size | ai s0s | ar aaae areas | anaes —|aaaers —|rameas | raaees | raeass —DearaA | so ose —[oseTe | DavETa | Da.rara | Pe TIEe 
5 TORGATEI ZaTs [was | soso [Dea |S aOrS | aarear | Da.rors [ar 008s | si.060a | so eeaT —|ao.eeTs [Penis —|aaasid —|aaaea0 | Desees —|Fariei —|wareos —[esase | ao.tera [Doss —| 2a 7363 | 2O.7I6 
rT qoaeseeT | 75.75 —[sa.7s —[SosIss | Fawona —|aiaves | 2a.790 [Perea | si. vo7e | si.0eat 30.9860 —Sosroe | waaas —|oaaas —|aaavar [ae sror wares — | ra-rexs | a aG1s | 0.teas | Da assa —|7a.7888 PO TIGI 
7 Biases | 2a7S | 3a7s | sosse | so.aee —[seTIs [esr —|aaases —|aater? —[aaseas —[aaaris —|aaaeas —|araeat —[araari [arses —[araoss —[2eas03 | 2a7ss0 | s0zare | sosase | wa.re1s | Do-rest | areas 
z SOE ETES 2575 | 3a75 | soseIS | so.aeeT | 3e-7s6 [asad —|aaased | uate —[aaseas —[aaiees aa aeos [arses [ar aaas —[artars —[araoes [esas | arses | a0 z00s | so sset | Da.rers | Dares | 2a 7aas 
3 S07 3H] 2.75] 3a75 | BOUSWS | B.BSAT —|aeBIa. —|USTIG | aUaaDT aa oveT Paes —Paarata aa a0s —|ars0ae [ar ze4 —fararea —[arza8s | 2e28I | 2aTaTs | a0.zV | OTORe DOT | 2o.7827 | 2a 7aE 
zy SUES 27S | 3a7s | sosws | soars —|3eseI [ae srai —|aaaaoo | sane —Paasaed —aaario | aasare arses [ar ares [aries —[araa0s | 2oass8 | 2a vase 30.3060 | 307082 | Darras | Da-rexs [7a 7a0S 
5 SUBS TEIS | 275] 3a75 | 3owIOT | a0.76e7 [sears 2a saeT | UAGTE | aa. geI aa aads | aaa —|aa70e —|arTrIs aT seIS | AT ATET [| arS7BO | 2-80. | ZEIT | BO.ITI | sO. Taso] Do.BeeS | Do-7e | 2A. 7sT 
3 SOEs 27s | 37s | soeTIs | so.7e8s | 3ezEGY Fa sari | aaaees | aa.seay Paar [aa arei sarees lorries [ar seca [ar aa00 [ar sent —[2e-a0as | 2a aaes —|ao.ares | sores | ae.ees | Dore24 | 7a 7a6 
7 SOTa 0D | 27S | 375 | soeIse | soa —TaaTens [Besar —|aaseeo —|aaares [asso [sa Der ao rsie —ae.000s —[aasive [zeae —[sa-rier [Dears | so eos | a0.sves | so avag | a0.1e20 | Dorres | aa7867 
3 SoREHG | 2a7S | 3a7s | soem | soaTee —TaaTaaD | Pewaas [asses | asses — Pasar —saner sarees —|ae.c0as —[oasoai [ae sooo —[aarive —[aearrr | soeso aoa | s0se00 | ao.teae | Darras | aa 7a07 
5 SOT SETH Tare [wars | soeas —[soasar —|saaes | aeror | Da.eo0e [aa aess | srsaaa | aaeaIs | a 0e7s [Pe area |e weTO —|aeBTGa —[De0OT | ZesTOa soso —[IOsOTO | so.eaas —IOaVET | Ba7EIT | 7a.7I6 
rr BOT SOTS | 27S | 37s | soeIES | sosEIs [Isis Bears —|asenio | aes —Paasara —aaaase si 0ese ae. aeat [pe arar —[aeaaie —[oe.ores [esr | saeio | s0aves so ares | soars | Dareas | aa 7a0e 
7 SieaeTS | 2575 | 3a7s | soemE | so.06ve —|aaarTa [Fa ross —|aaeear —| saz —[aaeeas —[aaares | si aaa0 | oe.gae —[o12e3 —[aeiras —|oasea0 —[Daeers | sous | soo | s07e6s | aoa | Da.79s | a TaBT 
SiaTse | 2a7s | 3a7s | sone | so.0eTs | aaweas | Paroes —|aaeass —|aaaies —Paaros —[Saszer [ai ae0e —|ae.s0et —[Pe.12e0 —[aearri —[oeaass [Dessay | so 0ze0 | a0.a0er | sarees | ao. | Do-ra0e | 2740 
ro SOTEBTOR | 2575 | 3a7s | soma | wa.asss [SaaS Parsi —[aarivs —|aiaiss —[areaeo [ar eass —/si208s [aeons —[osaia —[eaaia —[se.aees [Dorit | vaauad | a0.1633 | s0ae7e | Da.s10s | Dora | a 7eES 
7 BUTE SIO 27S | 37s | sues | wa.aers | Sawaay | Faraes —[aarivs —|aianes —[araaar —[Srerai | sizare —|ao1as —[Poza03 —|zesa0s | se.aers [Poros | Zaasit | a0.1rie | soarse | 3o.908s —|Do7Is | 7a 7aS 
5 Sis sa? 27s | 3a7s | suede —|soaeoT —[aaaaaa [eesti —|aasere —|aatese Parent [saree —|aoarar —|ae-7aae [acess [ae sass [aorta —[2esior | sourea —a0sio1 | soexe | so.208s | Dorr | 7.7868 
76 BoE TIO | 27S | 3a7s | sues | soater —[aaaa00 aa ssar | assess —|aa.teas Psa recs [sates —|sowass —|aaraas [acest [reese —[oaoiat [estas | soess —|a0swse | sousas soars [e773 [za 7806 
7 SHEAOOT Tare [wars | sere |S asws |e sres —|aaso0e | reste — [6.1808 | se s0r7 | sez0aT —|2aaoar —[aesiae | 61808 | ae 005s [DE OTIS | Fa 0sG0 | aaBsIO IOSD Pa 68e Doras | DaTTaa | 7a.7A06 
z Sie | 2a7s | 37s | soeeas —|s1aete —[sosa0 —|aasss —|aaaaas —|ae.t8ss —Paeaite —[se1e70 —|aaaaas —|oesiar [6.1765 [760288 —[ae.0806 | 2o.08s0 | FeasIS —|aO.GIes | si1eoT Dara | DorTEs [za 7ae 
3 CHT Tae | 2a7S | 3a7S | sa7oIs | sists [Soares [asst [wastes —|weaias Tae aoos |e aaa0 | aaaear —|2e.s6s — [pease [760635 [aati | Do.08es | Za s00e | a0.e1e | 12009 —] 70.7680 | Dares | TaTATS 
zy Binge 27S | 3a7s | so7oIe | sister [susie [Pasar —|aaaaie —|we.to1e [soso [ena —|aasesi —|oester —[Deaier [ae evs | 7e.108s —|Dooses —| Desist —|wo.ete. | a1-204e | Da.rees DoT | ETAT 
5 Sir ais | 275 | 3a7s | so7aad | siaoIs —|soniay —|Pesaas —|aasees —|ae.o1es —[aeaaes [essa | aa arss —|oe.aues — [De sas —[aesire | ae.s10s | 2o.1963 | 3o0es | wO.TETS | 3308s | Dasa DUTIES | ETAT 
3 SHaAOTT Tare [sas [sora [si t0es [Sates —|aasars —|ra.aess [as aved |e IaI0 | ss boes —|Ta.aaIs —[Peaaas |e eaas [aE sS [DEBIT | Fe1a0s —|aoeDe Io TTEe | ai aaas —[Dosats | 2a7102 | 27a 
7 BiOLINS | 27S | 3a7s | sa7ess [Sioa [seas [assis —|aaaris | ae.sess —[ae.tsed [eased —|aoates [arses —[av-t0es [arora —[artere [exis | so zas8 | ao. aes | a1ae1s aorta | Darras | aa Tae 
3 Bini seeT | 275 | 3a7s | so7ear | sivas —[se.aeas [a sso0 | weaved —|ae.seas —[e-test [esas —|soanae arses —[artoTo [arora —ariase [Denier | somes —|ao.neas | aiaere | ao.ttes | Do7761 [287405 
5 SHEZEAT ZETS [37S 30.7608 —|3OTOS POT | 2a sess | 2a.av0. —IsNSeI |S TED sass a ze00 | PeOTAT far aT areas [aaa | 2a 38s | aoaTIe PI OSE | a7-w0s0 IOI | WATE | 20.7IaS 
rr SHaTSG | 27S | 3a7s | so7raas | w0.708s Sr DOT | Fa ses —|aaavi7 —|ae.0me Perey —[aaaaie | sizeI7 | aera | arsest [ar aasi —[aax0st | e.ses0 | soaaa —|ar ower | ai sore | ao.se0e | Darre7 [auras 
Ti SiR TESD 2575 | 37s | so 7ae | so.aweS —[aesarE —[FewaaD —|aasees —|aa svar —asasea [aa ae0s | ar 8e40 —|aeas10 [Pe aase [ae aeia —[aa-reis | Do.area | 30azea | a0.so7e | ai sse7 —] s0.a036 | Do-7a60 | 7a 7867 
@ BIOS 0600 | 20.75] 3a75 | s07sse | BO.S00T | assIeT —|2asID aus —|aaaaTS —PasaaaD —|aewaTO —/a.8ass | 2easT Pe aa0e | 2e4B30 —[aB-7sa1 | 2oATEd | IOADT aoe | 3568s | SOa0aT | Do-74o | 2a. 7aE 
7 Si0e1ES 27S | 3a7s | sarees —|ao.ArTe —|satiay | Fa swed [aa ee00 | sa.z806 —[aanais —[Iasoay —|sa0eas —| asses — [pe seet [ae sari | ae.1600 | Daeses —| so zea —|ao.rera | a1 2e08 | aoaass Dara | ETE 
7 SiS | 2a7S | 37s | sa TwE | woes [sated [a saes | asses —|aa.a0as — Panera [Saeed sa 0e10 —|aestee — [Pe sexs [ae saes | sa.tere | Deesea | so z0ee | a0.7es0 |i ze1s | aoaaes | Doras | aaa 
5 Sia aTeS | 2a7S | 3a7s [sass | sods [sae Farid —|zaroIo —|aaeait —[sa0ees —[aaesis ai 8e80 —|aesoas [Pesos —[ae1e80 —[aese1e [e700 | sours | a0.asre | so eaee | To.08s | DO7IG0 | TA TET 
7% Sida swee | 27S | 3a7s [su 7ses | sooTIS [sae Faris —|waroIe —|aaewes Pas oies —[aesra si 8e0e —|ae.soes —[Pewves —[ae1ess —[aeseet [Dero | 3o0ss2 —|aoaeat | so eaea | Ta.sees — | DarIeT [787865 










































































58 

































































































































































































































































~~ oOo a — — = >= 

_ le S |e | |3 e |f |@ {8 g 8 s 

3 /@ lz |§ le [& |g e |@ |2 |e |= |e |e 5 

e ls |s JF IF |e Jo |e [2 Je Je |e a |> 1% u {8 

& x > Le a fad fu E = 7 m me 6% | © oS va = 
ea = x |2 x |= cS |h a E E 5 ° o o 2u/s 2elr |o |w 
<|= 8 6/8 18 = is js /2 |e 3 |2 [Ss JS |S Je el/Peleels Js fu 
S| < < < £ £ i) i) £ £ £ £ CG £ 36 36 6 e/5% jusli a ms 

-—f = _ 

| a a a a a a a - - - - FE - FE FE FE F2FZio2la [& [Ss 
1 | BOSTSaGE | DE TERT ESTES [PETES | SEBETT | DTSAT —[SEBESS | SEBGOS | IETTIS [SOA GGTS | UTGBTS SUT EGER | EA TOST —[ SAO AIGD | SESBTRT —[ SAU BOEE | BEETEGE —[TOBBE—oaBGD —PoTaBS | roaTa | ro0Gs | Teer 
[ROSE DGS FS TEGS | PE TSGZ | PETES | SESS | ETDS | SEBTGR | SE BRIE —[RIEDAIS | BEETERE —[RSEDOES | BET SATE — [Raa aOES | BATEIEE —PRRU USGS | Sa aESS —PRSTSAIE | Teas | soe | roa — Proaes — Pr008s — POSTS 
3 | BOTSESET | BETS [ES TSTS PETES | SEARTE | STEVE [SE GRGE | SEBTOS | BESADAT | SIESOTE | BURTTID [SUB TSOT | EAGT — SAO TERA | OAOTT —SASGT | OATS — Tara aaa? | ras? | coats | 006s | Oa 
| ROaT BASS TEDE | DETSTE | DS TAES | SEAESE | PETERS | SERSIS | GEGHET —[RSESTSE —] BSB DEGT — [RSE TOES | BOB-TaGS [ESATO —] BAOSEDE —TEAOOSEE | BaD TTI [SAO TOTS | T2560 | ToqaS | wawOT — Prose — Proes — POaTI 
5] RODE aE] BE TERE ESTEVE TEBE] SE AEET | 2 TEE SADA —] 35 aaT? — BE BBOS | S9E3OET | BER DEVE SUBOEE — BE STOO — | AO TORE | Ba TRE SaT EST | Ba IOGE — TOTES ase pores oat ooo aE 
3 [OAT TaRS [ESTES | DETSGE | DE TABE | SEATSA [POTEET | SEDO? | SEaTGT — | BSEGSIE | BIB STSA | RSEEAOS | BOBESTE [RSE TSGD —] BAT BERT —[EAOZTES | BAO TTI [SAUTER | CaBOE | eas | wasTE Prost — Pres — POREAE 
7 | RBEBTAT | BE TEES —[ISTSTS | PSTEOE | SE GER | TTHDE —[SEZBTS | SEDAGS | BBE TESS —[ SUGOTET —| BERTTOR [SSB TEES | BIESBTS [SAT SOI | HOBIE — SUT TORT —| SHOEDST Oars —oraes | oeaas | roaBo | ro0es | Taz 
3 ROBOSEE ES TE7S | DETETS | DS TETT | SEDETT [PETG | SEDOGE | SEDGE —PRSETTOO —] BSB BRDE [RSE TEIS | BGBTa5 —[RSEESGT | BaGRDS —PEaOEEES | SanBEDS —PeaO TES | warez —|-oraas | wae] — Prose — PT o08 — PORTIS 
3 | BE EIEE | DE TETS —FSTEIS —[ETETE | SEDOTE | ETHOS —[SAGEGE | SE BGIE | BESTA —[ SSG TOEA | ERTETT — [SSB TEEE | EGOS —[SATTAD —| SROABIG —SAOGHT —| aOTGGT —PTarIa—Poeass —}oasre —| rors] | roo7s | OaAaE 
TO] ORT DAG | DE TEE [FETS PETES | SE SGOE | TET [SARTO | SUBBED —| EAST [SUB DORZ | BER GGOS [SUBSEA | BER Tea — SAT TODS | OGBTE SAO TTT —| ose — PT anae oars | oes | core | roo7e | Tara 
TI | SE BSGT | BE TEES FSTORE PE TEGE | SUBSET | TTS [BSBA | SEBTGS | BBS.TOGS —[ SUG BIEZ | BIETSTS [SUS TERE | BUSGOGT [SAT SGED | HOARSE — SAO RGOE | HOTT —POTDE Puasa | oawOE | TOT | roo | OTS 
TE| ONSTSGT | BE T6S STIS | PE THGE | SE BEES | TERT —[SSBIS | SEBSGE | BUSES —[ SUSBGTE | BHELTHDG [SUS TOET | RESET — [SAT TOBT | ROETOE [SAO GT —| ao anaE — TORS oes —poreTe | roves | roore | wesw 
TS | OISBOTE | BE TTA PETIA PETTIE | SE BGOA | ETTST —[SSaBAT | SEBOEE | BET OBGT — [SSS BOGE | SSDOE —[SUSDTET | BETODSS [SAT BRTE | BHO. TODE SAO RGES | SaO.OBOT —POaEaT —[-OZEOT | ozBE | TOTE | ro0G7 —| OEE 
TE RE ESTS | BETTS STITT |S TTAG | SERIE | TERE PSSETIG | SEBOGD | SST ZETE SUBSTI | SABI SUSADET | BET TBGS SAULT | OBST —[ SAO BETT | SHOTS TRESS 0.7005 | OBDGE | TOTS? —| 0065 | OBES 
TE | BOTEDITS | BB T7BO STAT | POTTGE | SERGE? | BE TTT —[SSDBAE | SETI? | SET GRGS SUT TTAE | BEABIS —[SUSASIS | BET SRGT—[ATADET | HOBGO —[ SATHGES | HOTBAE —POTEDE —Poaaso | ares | TOTS | ro06s | war 
TE | OSEDSTO | 257807 —ESTaDE PE TTGT | SE 30GA | TRIE SSDUS | SEVIS | BETABDE UT TAGS | SAAT —[SUSATON | BETSRSE SAT TSRD | HOTEGS SAO BIT | BHOTEES TTBS ORREE—POTTST | roTGs | ro0eT | 0a 
7 [BOBS BaGO | BE TOTS —[ESTTaT —PEGEE | SESEET | BETG07 —[SASIET | SU B0GE | BET TORE [SSS ARTS | HOTBGE SAO TETE | BS OGRT SAT SSIS | BATTED — AB ETT | aT TEE [Tare —-aaaae | ORRGT | TORE | aaa | Tas 
[Ree AST —[FSTOGE | PETTBO | PE GES | SESERE | TETIGS | SE BOGE | SESTIS [RST OAGZ —) BaB-ABRS [SAO TEGO —] BAO-TATO —RSEDAGT | BAT SENS [EAT OTES | BaB-THRT — [SAT TaEE | TaaaE | Tee | TaTES PTE — Tosa —POTaAS 
3 | SOBEOTET [257060 —[ESTTRS PEERS | SE STED |S TOAS —[SABESE | SEZETO | SST [SUGGES | BHO-TORS SAO TORO | BES TBG — SATBIOT —| SSTIO —[ SABAGES —| SUT EGE — PT aRSE—EaRIT | TaREO | TORE | oaBE | Taz 
[ROE AER ES TOTS | DETTGS | DE TOTS | SESIEE —[PETEES | SEZTOS | DEBS [RST ORID | BOBATES RSG UOGT —| BSSHSO —ESTOSIO —] BAOTTES [EAT ZETS | BARGES — [EAT ESES | Tes65 | ETH | roses — Pres — Pros POTTS 
3 [SBE REE | DETTET [A TEDE—PETOGE | SEDETE | TET —[SAOTAT | SE BRGS | BET OEE — [SSS ETER —| SHO.TBAT —[ SAO OGGS | BESGETT — [SAT OETE | SETOBTE [SAB DERO | SET TaOT — TSB a Taae | OSG | POSTE | TOTS | Ta 
[RESIS STIG | PETEAD | DE TOGE | SEOTIT — | PETETE | SEDOTE | SEOGST — PEST ODE? —) BSBBOIE —[EAOSIGS | SAOSIN RST EDAD — BAT SDDS —PASBGGT | BARATSS [RAT TABS | TaBGS | ETS | Tosa Tera — PTT OTE 
7 [BOB BOT |B TETS —RSTRTS PETITE | SEBGES | OTERO [SSRGT | SEBGTS —|BETOBTS | SUGBATE —| HO.DBDE — SAOOGEE —| ES BBGT [SAU ETED | RETSE [SUT ATER | SaRaDAE —[TRBTE—oaRGE | TOE | roa | OTS | Oa 
3 [Ree aan AS TGE | PETaGE | DET TES | SERS | ETIGE | SEB0G] —| ESTA — [RST OVGR | BoB SABI —[EAOZGGT —| BASIE — [RSE GTER —] BAT SGAT —EACEOGS | BAT BERS — EAC BSIS —|TasES | eras | roses — Proms — PTT POET 
3 | BOSE ZSTO | DE TAE ATED FETISH | SE TGOT | OTST —SSTGT | SE TOGS | BET BOOS — [SSS OGE | HOATAT — [SAU STGO | EAGEGT —[ SAT SGET | IEEDOS SAS BSGS | IR ETEE —POBOTE Tass | ORTE | roaaT | LOTS | oa 
TO | OSE TAGE | DE THES ESTSTT —[ PETRGS | SETS | TONE —SETTTE —] 35 T0GS | BETTOGE | SUGGES —| SHOZTGE [SAO ZEDA | BEABEAT SAO BBOO | EBSA —[ SAG BGS | SIBEBET — [OBES TORE? J OBTES | rOaaS | TOTES | OAS 
TT | SOSSAEDE | BETES [ETESS—[PETETS | SE SGGO—| TEST — [SERIE | SEBHGD | BEERS [SUT ZOHO | SHO-TOGS SAO TSIE | SEEAODG —[ SAOAIOE | IRATE —[ SAG TGOE | SEA GEET —[TaBRE TESST | ORT | rosea | TOTT | 0726 
TE| OSS EEE | DE TETE —[FSTETS | PE TEIS | SE SAGD | ETERS [SEER | SEBGES | SET TSIT — [SST ADGI | SHO.OBST —[ SAO OGET | BEESTIO [AO TORD —| IEEBTO | SASSOTT —| Sea awaT —[Taaaa Tae | oar | rosea | TOTS | OTS 
TS | OSSORIS | BETES ESTTGETETT | SEBBOR | TERE —[SEBDGE | SE BOTS | BET TIGA [SUT ABD —| SHOATES [SAO AOOT | SUSAGTS [SA OGES | UA BIEO —[ SAB DERE | SEA OTOE PT aBSE saa] | OaET | roaTE | POTS | OSES 
Ta | SOBEASES | 257704 [ESTOS | PO TSGE | SEBIED | TERE [SEBTGE | SE BOGT | SETEBST [SUT GES | Sa.GEGT — [SAT ISGO | SENG —[SATRGED —| Sa GRIE [SAE DGOS —| SEL OTET —[osea —Poaar? omar —| rose | roTss | wea 
TE | SSE TSGE | BETTS [STIPE PETES SEBGOS | STBTS [SERIO | SE BSGE | SETSBTS | SUT EERE | HOZEDS SAO TGGI | SSGEGE SAU SOET | EA BIBT — [SUR GOTE | ESSTTE — Taare awa | OBTSE | TORE | LOVE | OBST 
75] OBE SGBE | 2B TBO ES TEOT —PETTRE | SEBTTT | TERS [SEBTGE | SE BSG? —| BEROTGE [SUT ODD | HOZBAS SAUTER | BESGEES [SAO TETE | SHA-TOSD —[ SATS | SHAOBES [TTS OaaT | ORES | raaaT | tore | OTE 
1 [ROVE TSEL [BE BORE [SSGE —PUESGE | SEOTOD | BS TEST —[SAGTES | SEGTOS | SET. SORT —[ SUG ETET | SHO.TERT —[ SAO TOES | SIRBRDS —[SATTISD | EABDTE —SSBSAGS | SaRaRED — [TOTES ras | TBE | roses | OaE | Oa 
[ROT Toa PSBDGE | DEEDES | PE SBGD | SE OBES PETES | SEBTET | SESGTE [RST TTIO | BGB-AGDE —AOETTE | BATSTA —RDETTAT | BAT ETS—[RBEDIST | BEATS —[SSEABUT —| 7zGa—|-EETE | TasEs Pros — PTs —POTARS 
3 | AOSE BSL [DEBUTS —[ASaDAT —[PaaTE | SEOTaS |B TERS [SA GORE | SE BOSD —| BET OEE — [SSG OOT —| SHARDS — SAO AOET | BIRGGRS SAUTER | BESTEST —[SBTRATT | SOZIBD PETAR Saree | Tara | rosea | TOsGS | OATS 
7 [aaTaaaaT PR anGE | PEERED | PE ESEE | SE OEE — TEGO | SE BOGE | SETTER RST ODET —] BSB DETS —[AOSTIZ | BAOSATE —RDRBTED | BAOSOGE —RBEDTED | BEROBDS —PESEABES | TOT | Sea —| Teas — Press — TST OER 
3 [AOE TIS | BESTE [SESS — PEGI | SE BAOS | TSTEST —[SABRDE | SEBATE —|SET-GOTT | SUSIE? —| OTBTS [SAO TOES | SISGGTS [SAT ETE —| EBUGTT [SST AGES | SBSTEO —[TSBIE Eanes | Treas | roses | roseE | TAOS 
3 [OST SETS ESSTAE | PEBSAT | DEUS | GEST — POTEET SU BDBR | SEBTET RST HAT? | BOB TTTE —SAOEGTE | BAGETS —TRDEATES | BAT DEBO —RSETSET | SETTBIE —[SSEESTS | TOTae | SwRI | TaaEE Toes — PTGS OVATE 
7 | aORT ORE | BE BGS — [AS GIGT —[PEEDOE | SEITE |S TETS —SAGGOT | SE 3EGO | BETATAT — [SUG HGED | HO.GSEE — SAU EBGA | BBO-TTEA [SAO TETO | SEABBTO [SSG BEGT —| SeABIOO [THESE —-aTasO | osaes | rosGe | Tossa | OTA 
3 | AOTEASTO | OBST —[ASGETS—PEEDDE | SEAGET |B TERT —SASTOO | SEBATZ | SETABST [UE SOED | HOBIE — SAO ABOT | BHOTZOT — [SAO EERT | SEAATE [SSE IGS | SEATOTG [Tara —[-aasaT | Toa65 | rosG7 | rOsG8 | OAT 
J | AOST BOTS | BETS FSGEES —[PSEBOO | SEBEET | ETHST —[SGDRE | SEEGIO —| SET CTOR — | SUTORET —| HOGETS [SAO OES | SSTATIE [SAO TSIS | SESGOOT — ESTED —| SELGSAT — PT aoaT sare ower —| rosa | ros00 | OEE 
TO] OSU ESGE | DE BEBE —[ESGTOE [PEGI SEEOE | TATE [SSEBIS | SEBGGT —| SET ORG [SUT ORTS —| SHOSTOS —[ SABIE | BET-GOOE — [SAO TED —|SE.DBGS —[SSETETE | SDGATE —PTaaaE —PazTos ows | roBGs | ros00 | O7EOT 
TT | aOSE BETS | ESTES [PGBS PURHGS |S TTET | 2ETaT —[as.aeGe | SEDATE —| BERTI — SUT EDGR | SaBDAT — SAO TTIO | HDTEAT — [SAT BGGT —| SEDTATE [SBOE | SET ORDE —[TTESE —amaaT | oeaae | TOTS | roars | OES 
T| AOTESTGE | UBTEA —[SGRET —PEGTGE | SE TSA | OTRRS—SSOGTT | SEDGTE | BHDOAS [SUT TIES | HO.TOGT —[ SAO TEID | BHDGGTS SAT ETIO | SEDABGT— SETOIOE [SST TEST — [THESE —-SOTES | owBO | rOTGE | raaTE | TATE 
TS|ASTETZ | BB TOSS ESTIOE | PUTO | SEBTID | OTROS [SETGE | SEBTGD | BER ZEGE [SUT TOGH | HOSES — [SAT BDES | BEABOOE —[ AO SOES | SHOOTS — [SET SODD |S aRGE Tae a zTOO YP oTETe | rOsET | raasT | wear 
TE |AOTTBTGO | BE TOTE —[RSTITE | PE TOGE | SEBET | STSTE —[SEBTOE | SE BSGS | BER TBAE [SUT BOOS | SHOSBUS —[SATETTS | SEAABTS — SAOEGES | SHOOTRT [SET SOOS | aaGT —PTaeoT — Terre | oaeae | roses | roa | waa 
TE | AORSATET | TESTES PETIGS | SETGED | TETRIS [SEOTRT | SEBTET —| BERATOO —[ SUB OGRE | HOTEGE [SAO TSS | BISSTSG [SAT BOIS | HBBGE —[SSUSTAT —| RRR — TTT Taras | OaRES | roaE | roe | OTE 
TE | OBS SGGT | BETES STETO— PE TEST | SETSRS | TETEBE [SEGRE | SEBBET —| BERABUS [SUE TGOS | SHOTETS [SAO BTAD | SIEGEUS SAT BGOD | BIG —[ SSOAGT —| UR GEGE —[TaEIE— -TaTGE—PoaTaD | roass | roe | waa 
7 | SHOESTaa | BIBE [ABBAS [PUETGE | SEOEIS | TEST [ST BOGE | 37 BOGE —| SRLAT — [SSE BEST | BH.STSA SAO BBOO | SIDBSOT — [SAT TSS | BEBUBTE —[ SOBEET | SaTaTOR —[RTOTS PAT TIsT | TaBTE |r 60E | POSES | OTT 
Z| ROSE BTES —[PSSIBE | PE BSAE | DEBUTS | SOERT — [PETERS | ST BGGE | ST UGS [RSSGRGT | BEBGETO [EAT TEER | BAT TORE RPE BUGE | BAZDEDS RSE BSGT | BTO-aTaE [ROT aBOD | TaaaE | Tae | raaTS Pree — Te POTRBS 
3 | RT SSGE | USI — [ABER PUETIS | ST SAGE | ETETT —[STTEGS | S77SES—| USBSTT —[ UE TOES | SHO.GEGS SAO EGES | ISOSTE [SATS | BEBBEE [SOS TOST | SBTETIE —[RTaRE— [TT Taea | TaTET | 66a | POSTE | OARS 
[ROGERS SSIRE | PE BEGS | DE ETOS | ST SERS PETER | ST TSET [ST 7061 — [3S BSGR —] BGEEBIE [AO BOTE —| BAO TESA [EOE BAGE | BAT TGS [RSE BSTO | BOSBTS [ROT DEAT |S TaTO | TaaORE | TOG — PTS PTET POTAST 
3 | RSTEGE | EBS [IS STAB—[PUEDTE | ST BTED | TET [ST SaOE | 37 HUGO | BHSSTOS SSS TTET —| SHO GHGS SATEIOT | SISAIST —[ SATBTIO—| SABIE —[ SOB BGID —| SaRDRDE —PPaaE— TT seS | TaTGe | rIsST | rOsEE | OAS 
[ROVE BaT [SBR | PESTER | DE SSEE | ST RABE DETETT ST S7BE | ST BEIT SSS BAIZ —) BGS GEDE —EAOESTS | BAOAEEO—[DESTET | BAOSOGS SR TSED | BOR THTS —[RSEDBTO | TOTES | TT oaDe | TEaES PTE — PTGS —POTABS 
7 | BOTEDSG] | BE BGTE —ESERTS —[PEEDGT —] SE BERD | TETETE —[SETESS | 3ETSBE | BETBEGD | SUSSTEA —| BHT TOS —[ SAT OGIE | STASI — [SAT OSES | BEDOBIE | SOTBGTO —| SBT OAS DaBAs —-Taaea | Tae? | sas | roaTE | OES 
3 Roea Baa [SETS | PEBSAZ | DEBOEE | ERETS | PETENE | SE TAGE | SE TAGS RST EOIS | BST OOH — PEAT OSBD | BAT OTRE ROT aaTE | BAT TODS —RSETEGE | BEB TONS [ROT TER] —| TaD? | Tae | res TST Pras OAT 
3 [SORT BATT | BEE —[ASGBTO —[PEGIGE | SE BGAT | ETEGO [SATA —| SE THTO | SET-SISS [SUT ARTE | OTBTS [SAO TGES | SIEBTOS | SAO SGHE | BETGREE —[ SOLTHTS | SEUZBTS PETES PE TaOE | TTTeE | Tes | roar | oa 
TO | OST BOTS | UBATE [GES PEEAGS | SE BGET | THLE SATOST | 34 77GS | EROBTS [SUT ETET —| HOTTIE [SAO TOEA | SIBBBTS | SAOEEGT | SEO-TOIE —[ SOT BGEA | SESATOE —PTarES Sua | roa? | rarer | roa? | OTT 
TI | OSARTS | BSS — [ES GBGT PEERS | SEUGTE | BE TREO —[SSSTEE | SESTIZ | SEROUS | SUT AGET | SHO.GBDE — SAO TEHT | BETETAT —[ SAO GGEI—|SETABTE [SSE TGRT | SEBGST — [TRUST —[-STEET | oaRGS | roSGT | roses | Tae 
TE| SIOTSaE | BSR ASTON PEGS SE SGOT | BS TSTT —[SSGRTS | SEBOAT | BET BBD [SUT ABID | BATOTES [SAT OGD | BET TTG [SATIS | SETSDIE SSS DGTS | BEE TTAS —[TaGAT — a TOTO BIE | TONGS —| roses | OEE 
S| SOTEBTOR | DETTE ESTIGT | POTIGE | SEARS | TE TEBE [SGOT | SEBBUD —| BERGER — [SSB OGES | OSES — AT SGGE | BEAEDO — [SAT ESS | EBTTGD —[SETOGTES | SEATEIO —[T7OIS —-SaBds | O7awE | rOTeE | rosaB | TSE 
Ta | BOTEESD | DETITE —[BSTEOE [PETTUS | SEAGET | BETES [SS GEGT | SEBAET | BER ABUS [SUB DOGD | SH.GEGE — SAT OHS | BESGEGE SAT THOE | SEBGIET [SBT TaTS | SeESTET —PTaTGG—-saToe | oRVGT —| roTeE | rosaT —| wea 
TE | SOEBTA? | 5 BEEE—[TGEDEPEBTTE | BESTE | BE TEDO—[SETGS | SETSGT | BEROZES [SUT ADED | SHOGTOB — SAO ETOS —| SETETET —[SAUSTO | BOT SORT —[ SoaaaDS | SaOGRAT —PPaRGe—TaasE | reas | Tae | 0aGo | aT 
TE | OSE SSTO | OBIE [GIST PSBDOT | SE SGED | BE TESS SE DORT | SEDTGS | SET BTAT [SUT DUES —| SHOABGT —[ SAOASES | BETAS —[ SAO DIGT —| SOT aB0S —SORTETE | BaOTTIE —PDaGE Tones | IST | ToGo? | OTS 
1 arTaTat | 2aaaas — [PS aBaS PEASE | aT GT |B TETS AT TDES VAT TOA | BE BBGS [SUE DGES | BHT GEDE [AT aaD | TEDESE — SAOGOT [STP TOG —[ SETEDT | SaOSTIE —PSRRDE ATT | aaa | TST | oes | OTT 
Z| eTOe BIST SaaS | DaaaET | DE aTaD | AT SETA | POTIGR | AT TOE | AT TATS | SSAGET | BS BTET — SAT Z0BO | BAT AENE —STEOSGS | BAT SEBT — ETT USGS | BEADBDE —PeaTTE | TaseL | AT Tea | reso Peas PTB POET 
3 [SIT TaBS | BE aaEE FS ABG PEASE | AT OTT | BE TRGE PAT BLAS aT DTT | BRST SOR DES | AT TIO SAT TOGT —| STE OIGT — [SAT SOOT | STPTTAS | SHTSRES | SBOEIGE —PSRRGE— aor | Tanae | asa | aaa | aae 
[era aTas SaaS | DEmaTT | Daa | TATA ETBS | AT BOGT | TEES [ESETSGS | BSEBETT [SAT TORE | BAT OBIS STE BSAT —] BAT SESE ETT ERIE | BaaaEDE — [Rao AERD | SaaTE | BOBOTE | rss — PT aaa— PToRR OTR 
3 [OT aaTE | BEATS [SETA [PEASE | AO EGES | BE TEBE AOSBTO | 4OBSAZ | BEGET SUE TTED | BHO.TTOT —[ SAO TATT | TOTES —[ SAO BBED | STEBBTT —[ SBTEGGS | STRBUGE [SORES ATIVE 17008 | raaS | TORTS | OSE 
3 [eTTaaaTT | BSaTaS | DEBTS? | DEERE | BERS PETT? | AO SOTO | AO SAS —PSSTSIS | BSE TEA SAO BDOD | BAO TAGE STETATO —] BAO TOOT —[STETTES | BEZSETS —[STEARTS | 3IDGE | ARSE | TTBS PTaaaa Toe POETS 
7 [SHOE TSGE BE BOE BEST AREE BERGE BE TERS AOE BE OGE BES ATE SSE TET | BAT BBG SAT ZETS | BTR BERET AE ERE] BTS OOE SEO DGTE | BTEOTES —SBRET AT RTE TET TSE TOTES OT 
3 | STREET | BE BIS [SBOE [PEARSE | SEGAT | BE TRS — [SEATS | SEBTET | SRSBTTE SUE BTES | BHT RZET [SAT aRIS | BTEOOAO —[ SATARTS | STEATGT —[ SHOES | STEBTOS —[OSTSE— TESA | TaBIS | TTT | TOT | Oa 
3 STIzaT | BERT SBR PEEATT | SE TERO—| BE TEEA | STGESE | ST BGES | BETAETO [SUGGES | SHTBBGS SAT THOS | SIDOEGE [SAT EOET | STESETS [TT AOBT | STEGBGE —[PBESE —TaBaS | THTGS | reas | OSG? | OAT 
TO] TE TEOE BE BEBO BBOT BET BETTS] BETTE SST 37 SAGE] BET ABTE | SSS EGTT | BAT TTSE | SAT OSES] BET BEG SAT BOTS] STE AAE STORES STEERS ORBITER aE TEGO OTS 
TI | SOSTSES | UBGT [BD DEEDS 35 SOTO | TEE —STEGE —| 3E7HTS | BER.OGET —[SUTSTIE | HOSED — [SAO SGET —| SESGTAS —[ SAU BGET | STOZIOE —[ STETSTE | BESBGE —[2TORe Taos | rasa | PITT | rosa? | OTE 
TE| OEDSG] | BEBGT [PS BDIE —PPEESGT | SE SOTS | TERE —SSTSRT | 36 7OHT | BET SGRS [UT 3GGD—| SHO-BOGT —[ SAUTEED | SESGEGE —[ SAO TETO | STO.OBOT —[ STE BOGD | BETIS OTA —-Traaes | Tae | ras | OSE | ORES 
TS | SOS TIES | BGS [SETTS PERSIE | SESTIO | STEP —SSZBTS | SE DEAS | BEROEDE [SST IEET —| HOSOI — SAUSAGE | SIRZGAT —[SATOTET —| BEBBOTE —[ SOB aaEA | SaSGRET —[TaBTE —Peoaes | oRaT | rae | rosa | Ta 
Ta | STROSREE | BET AS ETES [PE BSGE | SE SGES | ETRE —PSSTAS | SEBOTT | BHRTOUS [SUT TED —| BHT TOT — [SAT TOEE | SEREOT SA TOET | BORERGE [SOB STN —| Sea TaaT — PT aeAs Pears | oaRRE | ass | ORT | TeaTT 
TE | STREBTES | 2B 7000 | FTOGS | PSEGE | SE DOES | STDS PSETOTS | 3ETaaR | BER BESS — SUE AAGS | SAT BOGE — PAT TST —| Sa.GBDG PSA STS | SEATBAT [SOE TTN | SERTETE PT 7aa7 —-aaaaa Porat | rose | roa7E | we 
15 | STROESBE | PE TODS FS TORE [PE TOOT | SE TSE? —| TRAE SETTTG | SETSGT | SES.OBAG | SUBEGER | SATABTS — SAT ZEGS | SHOGBGT [SAT TOGT | SEAGETS [SOE DOTS | SEDSTIT —[TaaDs —PaTETS | oaTaT | ross | roaTE | OTT 
















































































59 

































































































































































































































































3 a < |< <| < < 
3 sey Ss = = = = 9 ~ = al 
© 3/52 [oo 3 Boa l/o Buy on a 2 |3s Ww oS |2 jose 
ESlolLl/o& 2g SxIl\oslioe 3 = % |x eo [/£ |e@F 
se(2=/eF& 53 (57/55/55 jo JO Jy |. Jw ju |2 Jesse | |ssea 
te SC gloa/oF9 = XN 2@iler,/e2ol/oagi/ag L L o 6 clea o~|ou |6 oo 35 
c|= wolEs|TE Oo 9 9 SIlEOIESITEEIEE & s 2 2 o /E QwleEs is EEO 
Eire “slool/oaole |B In |/B [mo |[SlSoBlo5/o5/s6oa/2 2 »! aw! S| OE(|Se | |/oo03 
mo OFZ/Ooa |ow/x |F& |x /E |x EJ/oz/oa /Oo0O/Oorle a a - = ie SEl/OF |= |oos 
7 [REST ERGE | T7605 | ZABT HOE DBES | NOTGE OATS —| WORT TOTES | WORE | OZETO-| OTTGS | TATE PO TSIS— PAGO SUUSTST | SORT | SOAIST [SS STET | OTRIE | BID TONS] BEGET | TE TORT—ORBAO| OBES 
[OSE Oa TTT — [TRIST—] BOOE SOE | WORT | OZTGZ—PODERE VOTETT —POOBIS—PORESE POTEET —PTaETS OTT | TAO TERA | SOTIEE | SORIEE ESE BOAT | ORES | BGZABE | BE SGOE | AA TOOT ORES] OBETT 
3 | BOTSESET | TOSBE | THRE TBE RTD] OOTGE ORT | WORT POTERS | WORT | OZBED | OTST | TEATS OTS —PTEOBT TAOAEGD | SOAIGT | SOATOT —SAOASGO | OTRIE | BETSAGT | BOVE? | EHTS OBETS | OBTSR 
| ROaT BAGS ORGS TABS] TSB BDO | WOTET | OZTET —[OUBTA | OTS OUEST —ODBES POTTAT TASTE J O7SS | TAaST TOTS | SOAIEO | SOAISO | SAO TSG | OTEGS-] BESVGTT | BE DBOS | TE TSST OBER OBBG 
5] EERIE] OTS] DOTS ASE BTS] COTA ORESS | OTE PO TEOO | OOTEE | ODES | WBTIE | TaTES RETO — TAB SHOTS | SOSEEE | OBESE AOTTGO| WITT} BETREE} BEDOET —] AES ORE OBIT 
[OAT TSR TOAST OTST | TSBT ARTE | COTO | OZEGE OUTER VOTRE OUTED OTIS POBTAS —TaTOT J O6BSS | 7385 TAOIST | OAGGT | SOAOOT AO REGT | WITT] SSEOGEE | BEAOBO | AT SSGE ORES] BTS 
7 | RREBTAT | TEBEE | TOTGO ROOT SEIS | OUTS | ORRDE | TOME OTSA | UOTTS | OzaGE | UaTGa | T36R) — ORG — PT SSaT TOBTIS | SOSGHE | SOSGHE —EATBTTE | UISTO-| SIBEBTS | BESTT] SES0GI—ORETE | OBTOT 
3 ROBOSEE —OTo0 TORE | TSB BDAE | WOGTE | OZSGT —OOTIE | OTUS—POOTIE—PORABS PORE — TATA VOSS | TBBT TOABAT | SOSTET | SOSTAT | SHOASIO | OSES] BGBOGSA | SE TED) SAGE OBIE] OBITS 
J | SE EIGE | TBEGE | TBTeO OAT ARETE | OORGT VOTRE | WOGET POTET | woSTT | 0z0GS | UaaED | T1ses— PORTS PATE TOABTS | SOSTIO | SORTS SAOASTO | OSG] BG STES | SE STS | PETES OTROS OTST 
TO | ORT DAG | THTZ | T2STO TBE ASAT] TOES | OTOSE | WOGET OTA —| woeTa | UAT | 0BsGe | ToS] — POSIT — PTET TAUSTAT | SORT | SOSETT SAO STAO | OSHS] BBEATOT | ASTOR?) BSAA —[OTETS | OTT 
T| RSS BSGT | 0003 | WHIT HOOT SETA | OOAGE J OTTOS | WOSES POTGGS | UOSIE | OTHTS | OAS —| USES OaTET —POSAa TOADS | SODERE | CODERS SAOASIS | OTITE | BST ABGS | AU EGD | ESEGD—OTETE | OTA 
T| BSTIST | OTTGT | UBTOS OTA DIET | OOABS | OTERT —| UOSEE POTOBT —| OOS | OTTES | OABET —| USSD OAS — PORTA TAOETET | SODERE | SODERE SAO STET | OTTGO | SST GEST AO TST | DE TGES OSGI] OTT 
TS | BOS EOTE | 025d | 0BHGS OTE AERS | OUST J OTIDS | WATS PODEE | UAT | OTAET | OSSUZ | UOT —POSETS [OSB GOED | OTRAS | SOTBAS [SAO EZG | WORST | BSB TETT | ST TAGE] TE TETE OSES] OBBIO 
TE | RREESTS | 0BAGT | USTED OOO ATT | OUST —VOTETO | WORST PODGAT | WOaaD | OTSTS | OSBTO | OTEST POSSE PO TASS TOES | SODOTT | SOZOTT SAO EOTS | COST] BSB TERE] STBGET —] TE TBOS PORTS] OBE 
TE | ROTEDITS | OBE | UBSTE OAT UGTE | OUST | OUBDE | WORET PODGST —| WODET —| OOSET | OZ5ID—| WESEE —ODETS —OBETE TAOEEET | SOTOIE | SO-TOIE —AOESET | WOGET-| BEB TERS DE SGES | TOOTS OBER] OHDGT 
TS | OSEDSTO | 0 TOE? | OTHGE [RUBE DGTS | NODES} OUBIE | WORT PODGSE | WORGE | OTOGS | OzEGO—| was —PORETT —PORaaR TOEGAT | SOTOT | SO-TOT [SAO EBET | WOGEE-] BEBGETA | DE TSE?) TOBSEE —OBGDT | OBTEE 
7 [BOSE BRGO | WHITE | SBEE PROTO TTS | OTA OATHS | OTOED PORAGT | OTOES | OATS | roa —| aT TaS Pea — PaGB TETTRBL | STOEET | STDERT AT TRGD | OBO | BST OHSS] SETTER | SEBGET TART] TET 
[ROSE ASTE USGS RADE | BOTT SBOE | OTREE | CATER POTEET |ODEAE—OTIBA ORGS [TOG — PERSIE | TTD | BIB TETTO | STDBTE | STDBTE [EAT TOT | OBIT] SGOSEAT | SSRIS SETI? TROBE] TERE 
3 | BOBEOTET | O0RE | SERGE ROOETEET | OATS OATS | OTOEE PORE | OTOEE | OaDEE | rONGO | AERO — PTET — Pa aBae TETATSE | STDBDS | STDBDS AT ATEE | WTS] BBOGOTT | SEDATO | SETSOT —TROBT | THREE 
a TETTSAE | STORES | TOBA EAT TSAZ | UTES] BST TGS] SESOET | SEDER PT TSIE | THB 
5 | SaSEREDE | Toes | TBTES PROTO DAT POTTS POSTS | OTIT PO RaDS | OTTST | oavad | TOsTs | azeaT — TOSS — PEO TETIBEE | STDGSE | STDBSE AT HOEE | OZEGE | BSBOSE | SO SOE BT TEBE PTTGET | T1954 
3 [ROESTIOS TORRE SBOE | SOTOTOM | OTTAD | OSH —POTTTT | ORaOEOTTasPOaTTE [Tosa PaaeAT —|TaBBE PAA TETSTST | STADE | STADE EAT STGT | OAD] BSZATOS | ST OBOE BATES PTTBHT | TBE 
7 [BOB BOT | TUBES | SAAET ROOT ABET] OTST OREAT | OTTO PORTA | OT TOA | OBBOT | OBSTE | SETS POSBIS STATE TASTES | SUABIE | STRESS THAS | OHUAE | BETSHGA | BEATS] TERIOR TOGO] TIS 
3 [Ree aE TOG SRIES | BOTT BBOE | OTOGE | OBST POTTOE OAT OTTOB—OSETT POSSE —S7OGS | OSaGS | GBT TSBSGT | STAGET | STTGET | SAS BSET | OAEE | BETSEDS | BA BEAE | TATED TOGIE | TOGO 
J | SSE TSTO | UBSGS | TESBE —PSOTE DBRT] OUBTE J OSOSE | WOSER POTSTE | woss | UaTSE | vBTaa | ZT —oaaae —PTaaa TIEBTEE | STUBS | STORIE AERTS | OOGT | BSBSERE | TTSTET | BEBTT OSES] OBBEE 
TO] SUSE TAGE | UERGS | TEST OTT STET | OURBE JORGE | WOSTT OTST | wOaTa | UST7S | OBIT | ZaE ORIEL TETS TETITE | STOaTT | STOATT | SIE TITE | OOGT-| BSB ERIE] TAGE | BEBE OSI] TSAO 
TT | SOSSAEDE | 0BSGE | 2ZSGT POTS SGIE | OTA ODESE | WORE POTGGS | UOTE | ODES | UaSE | T3T POTTS —PTSoET TIEATEE | SOSOTE | SOSOTE | SISATES | UITET | BGBBTTS | BUSTS | ESAS OBIE OBBT 
TE | OSS EEE | 0BSGS—| ZTE POO ATIE| COTA | ODBGE | WORES POTGE | WOTZ | OZBTE | UBUGE | ZA OTH — PLATES THEEIOE | SOSOTE | SOSOTS | SIE ESOS | OITEE | BSB BEDS | BU SOGE | ORO PORTA | OBST 
TS | SOSEORIE | TABS | ZIOGE PROT BERT | OUEST OTBAT | WOGAS TOTGBT | UOST | OZITE | OBDGE | TTS ORT — PT TOOT TAGEGD | SOTA | OTTER | SERESGO | OTSAE | BAO TAOS] 46 TEBE] DEES OBGET—|OTTT 
Ta | SOSEASES | UBTST | TESTS [ROOT STIS] OUST OTBTS | WOGES POTATE | WOSEE | ODTGS | OBLED | T7aBS PORE — P60 TEETER | SOTOBO | SOTORO [EATERS | O1SGE | SHORES] TE ARES | PEGS —POBETE | OBSTO 
TE | SSE TSE | UBSGT | 600 OOE DBD] TOIT VOTER | TOA PODS —| UOsGE—| OTSTO-| Osea | T3S0S — POSTED — TATA TEASE | COMBAT | SOAERT [SER ASGA | WOGDS| SAZBEDS | SESGES | TEDITE —POBUAT | OST 
TE | SSS SOBE | UBSTE | 2AOS ROOT TGRE | TOA VOTRE | Toae PODS | wOsGE—| OTSTO | Osea —| TOT — POSTS — PT BOR TEEBEEL | 0487 | SOABRT [SER BEEZ | 0 OSG] BAZCHST | SESTES | EDT OBES | OBB 
7 | AOTETEEL [T2553 | OBES AOE TERS] OTST | ORGAT | OSES [OSIRT | OTSEI | UBTET | PaSGZ | TOORST — PTET SRT TEEDDGE | SIEHE | STEWS ESE DOGE | TSTES | BIESROS | TUES] TOOGETT — PT ABOT | TBE 
TROT TSR TSERE BRET | BOTT STO | OGET | OBSGE—POTETA | OSES TOTES PORTIS [PAST —POTPTO—] TBS TOTES TEEGOAE| SIBIEA | SIBIEA ESE BOAE | WTR] BEBOTET | TOR SETE | TORTI — | TASST | TERED 
3 [AOS BET | TTS | BATE SGU EGEE | OTOGS | OREGT | OTSBO POSETE | OTSTE | UBTEE | TaSTO | OZER — TSO — PTO ZBBG SEETTET | SIBTOO—| SIBTGO—[RSETVET | WATT] SEBDEAA | TOSSOTE | TOT SED TBOGE | TBASO 
TT ROTEaEET TERS ERATE | BOOS BEST | OTST | OBBOS—POTETE | OSETS—POTGRT —OBTEE [TAGS —[TOSEE | THON | TOZBED TEEGEAT | SIBEAT | SIBEAT —[RBERAAT | WATT] BEBSETE | TOBABTA | TOO TERE [TAGE] TBAT 
S| AOSETIGS | TIGHT | THRE? ADOT SGRS | OTST ORR OISHT POSTAT | OISTE | USAT | TaaGE | SBRST — TAREE SATO SEETGD | SIATEE | SLATEA [HSE TSGO | USEEX | SIS OSDE | TEDBESE | TAB SORT — TARTS | TART 
3 [AOSTSETE —TRGDE TRIG | SOBETTAT | OTEAS | UHSOO—POTES OSTA OTERT —PORIGS PTSBET POAT | TaISS | OSES TEEBIOS | SLATS | SLATHT [ESE BAGS | WEES] SISOTIS | TDDBST | TAB TDS TASTE] TATET 
7 [aOT ORE | TaTAS |S BDGE ADB TTIS | OTA OATS | OAR PODSE | OUST | OBOE | TIRE | BSABE PT SEDS— PARSE TEETETE | SLDGAT | SIDBAT —[RSETATE | UOTE] BEZSDOE | TIESRGE | TET SETS TSB] TBST 
3 [AOTEASTO | TOTAS | BSED ADOE SABE | OTA J OABTT | OTABS PORES | OTAES—| OHO | TIHGR—| BaDET — PTR — PETG TEEURAT | SZDGGE | SIDES RSEOGAT | UOTE] SGDDBTT | TIZBBTO | TOBABTE | TSETT | TBS 
J [AST BOTS | WROTE | A THES ADOOHUS | OTIS OAT | OTGOR PORGGT | 01am | OaES | rIOGE | wae — PTs — PS RTOO TESTES | SLUGS | SIUGEE —[EESTSGS | OTT] BOB GHEE] SE TSAS —] SEBS TTS] T2305 
TO | OSU ESSE | 0BEIE | ABORT SRG RGRT | OTST —VOATTG | WISTS PORE | UTZ | OAT | Poa | woo TTS PS SABT TESGOTS | SLO | LOIS PRBS ANTS | WATTS] SHB TESS] SE TOGO] BETES TTB} THOS 
T| OSE BETS | UB6TE | ZOSIE [SGT BEDS] OTOUE OSES | OTTO ODI —| UIoaT | OaeET | Ua —| Sars —OsSTS —PeaTaS TELGEEL | STRGTT | STRETT RST SRE | UAT | BISBOTE | BERET? | TEOGEA PT OBIE] TORE 
TE|AOTEBTSE | 0BSGS | ABOGT ADOT BERS | OTOGE OSGI —| OT TGS ORIG —| OTOEI—| OASET | TBSET—| S4aB] — POSSE — STAT SEEETOO | STBSTT | SUBSITE BTOO | WHS] BIB TERT | BEBTES | TATE? —PTOGHE | 085 
TS | RET ETZ | O7HO5 | SITES [SET UOT | OUTS JOBE | WORET OTST —| WOBOE | OZSIS | UHaIE | SEGA POTTS —PSSzET SEOGETE | STSBTE | STSBTE —[RBORETE | OITA] BASTTAT | BUSGES | FT BSEE OBIS] OBBOO 
Ta |AOTTSTGO | UBBOT | BTSGT ADOT BGRE | TUBES J ORTO | WOBEE TOTGGO—| UOROT | OZSUT | waGGT | SABO —OTGRS — SAAT SUSIE | STATST | STSTST [ESO RABT | OTE] BASTITE | BU BSD —) 40 TOG ORORT | OBSOE 
TE | ORSATET | 070RE | ZOE POTEET] OUEST OTRAS | WGI TOTES | WUBI | OTST | UBOTE | Za] —PORTAT —PESGE TSETEE | STOTOA | STOTOA SIS BTAE | OTOET | SAB OURO] SORT | ESTES OBES OBST 
15] OSS BSET | 0BDGR | TAZ PHOT BRD] TOBE VOTES | WOGEE TOTES | WOSTA | OTTEE | OaGET —| BASED PORTE EABBT TEGHAT | STOTOS | STOTOE | SIS BAAD | OTOEE | SAB DOTO | SE BGEA | DEBT ORISA | OBST 
7 [SOEBTeE | BOE? [TE RSAT UGE STAD | OHOET J OTOSE | UTOT POATOS | UOET—| O7OGT | TETO | TORTAT —PTaTTE —[TSRIBS SETOTEE | SEDTSE | SERIES RBTOTAS | CATES] SEOBERE | TOT DOT | DAB DETO | TRSTO | THAD 
Z| ROSE BTES TEES TE BESE | BOT BBTE | UOES | OTOAO—PORTOT |OATOS PO RUG PO TOES [TAI —PAOTTGE | TAPP | DOTETT SETORGT | SEDTET | SEDTET [BOT OGG? | CATES] BELTTST | TOT SABE] DAB TEBE PT RABO | BOSE 
3 | SORT ESSE | TEREST STIZ HOE TAOS] OZOGE | OBBTE | 0 OES POAGRT —| OzOAT | OTORE | THORS | TO TEA — [TASTE PATZG SEEBGT | SEATOO—| SEATOO | RSSBOET | OSB] BET UATE] TOOOEDO | DAE SDE TRAST | BOE 
[ROGERS TREE ABSIT | ASBA BATT | OOGA | OHTGO —PODORE | OAORE—PODOEA POTENT [THOR —PTETEAT | TBE TETAS TESBES | SEATEO—| SETTZO—[RSSBSES | OASES | BETSTES | TOOTEDO | DAESETE TRADE | BBE 
3 | BRETEGE | TESBE [TE SEES [DOG TABS | OTS | OBER | OTSEE POSSE —| OTSGE—| UHSGT | TSOE | TEARS — PT TERE — PASSES SEOTEIE| SHOGTE | SHORT RSE TOTE | CAUAE | SE SERS | TEZZOBO | DEESBOS PT TTI | TESST 
[ROVE BEGT —TBTISABBRGE | TOBDTETO | OSES | UBSTO—OTGST | OSBAT —OTERS—ORGT PT 7aBa —PTeaDIO | TTT | TEBE SEETETS | SEOGET | SEOGET [SE TSTO | ORGS] SERBODE | TEZOESS | DEZBESS PT TERS | THEE 
7 | BOTEDSGD | T2AGZ | TOAGED — ARES ASOD] OTSA J ORBGT | OSES POSGT | OISGE | UBSTO-| rave] —| TavOTE — Tawa — PEST TEZETOE | SATIS | SSATES [ROE STIS | USETS| BOBOTIS | TOTSTOT | TARDE TAGS] THT 
3 [ROSS BGGT PT TGGO— FOTOAE | BOTEATEE | OISD | UBSTO—OTEEE | OSBAT—[OTABS POSIT PTSGTE —PTEBABE | ABTS | TOTES TEDTEGS | SSAIEA | SSAIEA | RSE TEGS | WAGE] BOSTON] TET OESS | TAEBTOS —TAESE | TABAT 
[SORT BATT | TTaGE | BEAGT ARSE DEBT | OTATO | OABDE | OATH PODGGS | OTOEE | OaAET | TUES | SaGES [Tass — PSST SEDATE | SHUG | SHUR RHO AOGS | OETE | SAT BEBE] TORSION] TOR DGET — PT AEST | TE 
TO | OST BOTS | TOaGO—| TOTE | UOT SETS | OTE | OABLE | OATH [ORGS | OTE? | OaAGE | LIaT? | Saar — PT aOR PS TSR TEOEGET | SEOGES | SEUGTS ROO ESED | OGET | BAT SDRS | TOR GBT] TOT TaaT TEASE} T2800 
TI OSAETE | UTTTZ—| ABTSS | HUGO DGGT | OURS | OSTAS | OTOGD PORAD—| OOS | OSES | UaRES | CATT —POaTaS —PeaTOS TETSBTE | SLABS | SLABS RT RST | ODATS-| SAS STIE | TT EEGS | SUBSE OSA} OSTA 
TE| TOTS | 0BBGD | STSOT OST AGES | OORT J OSTAT | OTOGE PORIST | OTOaE | OASET | 0a0IE | CIOES POSIT — PO RERE TETSRE | LAGI | SLAGSS [EST ERIS | UDEGE| BAB ABTS] TE DOES | SE TRE —POSETT | OSA 
TS | SOTEBTOR | OTHTS | ADBET [ABET EGET | COTE J OZBTE | TOROS POTEO | UOSEE | OZOTT | UBaBE | AAAED ORGS — PASSES SEEGERS | STRODE | STRODE HEEERGS | OTSTE | BASHDG | BEIGE | ESOS OTROS] OTST 
TE | OTEESID | URGE | A TSES ABE REDE | TOTGO | ODERS | WORDT POTSDD | WOSIE | 0zaaT | 0eaIE | ASAT — PORES — PAST TEEEIES | STBOA | STBOI [HEE BSES | OTSOA-] BEOTTET | SEDETE | SERIES OTA] OTEEE 
TE | SOEBTAT | T2172 | SSE ROTSTTET | OTR VORA | OISBE POSIST | OTAOS | OSG | TSOAE | TURRET — PT SGIE PAT Tae TELTOES | SSSOEE | SISOEE [ROE TSGT | USSU] BOBSBTS | TTRGEET | TOT TORE —[TSBAT | TARE 
TE | SE SSTO | T2068 | SHSET — ROE TERT] OTaaE ORME | OSB POSIT | OTaGS | OAT | TMT —| TIBET — Tae PAT SBTE TETETSS | SUSUR | SISORE—RSTBTES | USGOS | SOBSETT | TESTES] ToD —PTSTOB | TAOSE 
1 [SIE TOT | 2aaGa | BOISE EOTESEOA | OZATS JORGE | OAR [OATES | OAT? —| OBSIE | DAIS | SETDAT EDTA SATB TEOATOE | SEDETE | SEDATE EROATOR | WEEE] BTODGTE | TOS TORE] SAT AOTO —[ZATST | D2ATT 
[BIOSIS TREES IETERE—VBOTTOBTA| UATE | OBDGS PORES | O4BOS—ODATE ORS PETATE | SSBHTS | DAIS | SEOTTS SEOATOT | SEDGST | SEDRST —[EBOATOT | WEBER] STOTESE | TOSSISE | SGBSIET [GTS | 27300 
3 [SITTERS | THTOO | BEATS BORE DOTA | ODA ORR | OAD PORTO | OATS | UBSGT | DTATT —| SEOOES —PEDTAO — SABIE TEOSIET | SEDGE | SEZESE | ROSOET | UBETE-| BTOTATT | TOSSTAD | SGSDOTS | ZAGIS | DIST 
[STAT STS TESS SETI BURT TORE | OAAOS | OBDES—PORESS | OATES ORETT OBST PETGES | SSGRET—| DATOS | SETSET STESHTE | SEDEEE | SETAE ETEBATE | WEEE | STS SEET | TOBOEIS] SGBSTON —[ZTBDS | DIDIE 
3 | HOTASTE | TEAS | BEAST OTE TGOT | OZZGE VOTERS | UDGBT OASIS | UDIED | OUTSET | TOAD —| ST aOOT —PETOTS ST TERT STEBDGT | EDGES | SEOOEE | STEBOGT | USERS] BETSEY | TTEGEEE | SOBAOSS | ZOGH | DTSAE 
3 STIEaOTT TBST ESTAS BOTSABTO | UDIES | OTHGE—OZRDS | OABST—ORIET —OTBRS [LOGE — [SOSH | 2TOIS | SORT STRATE | SESGR | SEGGRT—[STEATET | UBGET | BET ABTS] TVBABDO | SOSSTIO | ZOGAS | D127 
TL HOTTEST BOGE] BASE POT BURT] ODOR OTE TSE ORAS OTT OPER | STO OBIT BTS PTT ETERS | ETAT | SE TETE | BTE BSG] OBE] SEE SESS] TOE TATE} DOTS — TSH} COST 
3 | STREET [BOGE | AT TTA BORE ETO] ODES | OTRSS | UHTOS POAIST | OZOEI—| OSES | TOTSE | 37 SERT — TOTS TBR STAGE | SEBSTE | SEGSTE [SPT TORE | WARES | SET TERE] TOBOTIO | DOT BEDE TSAR | DOTA 
S| STEATT | PESTO | TO TEED HOTT SGS | OTS VOGT | OSHS POSSE | OTTET | OBOTE | TOME | ETE TES DOTA SEDGE | SETETE | SETETE—[STEDTGS | UTED] SOT SBE] TASTBTS | DOZBOOT A TOBA | 7 7EBE 
TO] TE TEOE | TBST TB TORT OTS STT OTE POSTS] OGRE OSGGT | OT TET | OBE TOSSED PTT PT THT STEERS | SETISE | SE TEST | BTSESES | OTTO] SST REBT] TA SHSE | DOT TSE TOTS T7550 
TI | SOSTSES | THESE | TE TGBE—BOOOETT-] OTEES J ORBTE | OTTTS OSG | UIETS | USAGE | TATA | TT STST —TSIDE— TABS STLOTGE | SEBSTS | SEGBTS TT OTGE | USGI | SAZERRE | TOE TATE) TOR TIGE —PTETIA | TEBE 
TE| OEDSGD | TASES | TE DEA BOOT DATO] OTIS OBESE | OTTTE POSGR | OISOA | UBAGO | CATO? | 17ST TETRA STOBATS | SEBETE | SEGETE | STOBATES | U36OR] SAZEGRS | TOESRRS | TET BESS —[TSTAT | TEES 
TE | SOS TEES | 0B0GE—| BATTS PROUT | OTOTE J OSBTE | ODED ORGS | UT TAS | OATES | TOSS —| TATE — Tow — PAT BOT TEEEATE | SSBERT | SUSUR ROE BATE | OZETT | SET DES] SODETE | BEBBST PUTRI] TOE 
TE | DOSAGE | TOES | BATTS PROT OTIS] OTORE | OSTIS | OIGOT PORTOT | UTTES | OADOE | TORGE—| TOSETE 10s — OBST TEETEED | SSBGOT | SISGOT SE TOED | OSG] SEOSATO | STORE| BEETS TATE] TTS 
TE | SEBS | OTOET | BTG0S HOTS TGET | OOBET J OSTHT | WOSEE OTSA —| UOTED | OZETE | OTEBE | TST — PORTE THABT TEATEES | SIBIOS | SIBIOS RSA TEEE | WISE] SE GESA | GE BGEA | TS TET? —[OBTOT | OBSE 
15 | STDOBSEE | 0EDES | SDAET PHOTO SADE | OORT OSTA | WOSET POTSBD—| UOTEA | OZBID-| OTSRE | TEaR PORTS TAGAT TEADIOE | SIBLIT | SIBEIT [RSE DOE | OTGET | BEB TERE] BE BORD | TEESE ORGDS | OBTSE 






















































































60 


APPENDIX B. CROSSFLOW FAN GRID GENERATION CODE 


Bl. GRID GENERATION FLO++ INPUT CODE 


// MESHDEMO 
// Pre processing 
// Demonstrating different meshing techniques 


reset 


// *** crossflowfan : Flo++ input file 
// *** Tnsert your Flot++ code here 
reset 

csys 0 

#def span 1.5 

#def spnblk 1 

#def chordblk 30 

#def cbr 1.2 

#def cscblk 20 

#def cscr 1.2 

#def clnc 6.13 


// Era Mesh generation Bis se 24s 2s 2s 2s 2s 2s oie 2c ois ois he 2c 2s 2s oie 2 2s os 2k 2 2 ook oo 


// *** (Template for flow between parallel plates) 


////Build fan passage splines//////////MI//////// 

//vread c:\vread15mod.txt 0 ALL 

wall yes 

vread d:\nps\thesis\vread15mod_cheng.txt 0 ALL 
vp 

vset news vlist 338 339 

vmerge vset 0.0001 

vset news vlist 111 112 

vmerge vset 0.0001 

vset news vlist 211 212 


vmax 


spline 1 vran vmax - 436 vmax - 325 1 
#def bp1 vmax - 378 

splmodify 1 modify bp1 -bp1 

spline 2 vran vmax - 325 vmax - 225 1 
#def bp2 vmax - 277 

splmodify 2 modify bp2 -bp2 

spline 3 vran vmax - 225 vmax - 99 1 
#def bp3 vmax - 162 

splmodify 3 modify bp3 -bp3 

spline 4 vlist vmax - 99 vmax - 89 vmax - 79 vmax - 69 vmax - 59 vmax - 49 vmax - 39 vmax - 29 vmax - 19 vmax - 9 
vmax - 436 

#def bp4 vmax - 49 

splmodify 4 modify bp4 -bp4 

sp 


vset all 
vcopy 2 vmax vset span 0 0 
vp 


spline 5 vran vmax - 436 vmax - 325 1 
#def bp5 vmax - 378 

splmodify 5 modify bp5 -bp5 

spline 6 vran vmax - 325 vmax - 225 
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#def bp6 vmax - 277 

splmodify 6 modify bp6 -bp6 

spline 7 vran vmax - 225 vmax - 99 1 

#def bp7 vmax - 162 

splmodify 7 modify bp7 -bp7 

spline 8 vlist vmax - 99 vmax - 89 vmax - 79 vmax - 69 vmax - 59 vmax - 49 vmax - 39 vmax - 29 vmax - 19 vmax - 9 
vmax - 436 

#def bp8 vmax - 49 

splmodify 8 modify bp8 -bp8 

sp 


vmax 


/////Build fan passage block/////////M/M/II/////// 
cgro | 

block 1 vmax - 873 vmax - 762 vmax - 662 vmax - 536 vmax - 436 vmax - 325 vmax - 225 vmax - 99 
blplot 

blfactors 1 chordblk cscblk spnblk 1 

bled 1 1 chordblk / 2 cbr chordblk / 2 1 / cbr 
bled 1 2 chordblk / 2 cbr chordblk / 2 1 / cbr 
bled 1 3 chordblk / 2 cbr chordblk / 2 1 / cbr 
bled 1 4 chordblk / 2 cbr chordblk / 2 1 / cbr 
bled 1 5 cscblk / 2 cser cscblk / 2 1 / cscr 
bled 1 6 cscblk / 2 cser cscblk / 2 1 / cscr 
bled 1 7 cscblk / 2 cser cscblk / 2 1 / cscr 
bled 1 8 cscblk / 2 cser cscblk / 2 1 / cscr 


blex | 
view 100 


cp 


local 2 cyli0 0009000 

csys 2 

mcrea 4.15 4.2 2 77.97949 84.18 10 0 span spnblk 1 cser 1 
merea 4.15 4.2 2 84.18 90 10 0 span spnblk 1 1/cser 1 


cp 

mcrea 6 6.1 3 88.2039 94.1432 10 0 span spnblk 1.5 cser 1 
mcrea 6 6.1 3 94.1432 100.2038 10 0 span spnblk 1.5 1 / eser 1 
cp 

save 12 


resu 12 


spldelete all 
bldelete all 

cset news cgro | 
vset news cset 
vset unsel 

vdel vset 

vset all 

cp 

vedist all 

// VCDIST tell us that we should not merge closer than aprox 0.002181 
vmerge all 0.002 
vcomp all 

vedist all 


cp 


/////Copy fan passage and build complete fan/////// 
cset news cgro 1 
local 2 cyli0 0009000 
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csys 2 

cgro 2 

// Louis: Copy in 1 action 
mceopy 30 vmax 0 12 0 active 
vedist all 

vmerge all 0.0015 

vcomp all 

vedist all 


cset all 
cgro 0 
cgmodify all 


save 13 
resu 13 


/////Build fan clearance layer//////////////////// 
csys 2 

cgro 2 

mcrea 6.1 clnc 3 0 360 360 0 span spnblk 1 1 1 


/////Build Intake//////MIMM MMMM 
/////{ntake First Block///////////////// 


csys 3 


spldelete all 

v vmax + | 0 4.8676 3.726 
v vmax + | 0 4.8852 3.7369 
v vmax + | 0 4.9001 3.7228 
v vmax + | 0 4.9211 3.7142 
v vmax + | 0 4.9415 3.7136 
v vmax + | 0 4.9571 3.7183 





csys 2 


v vmax + | 6.1967 125 0 
v vmax + | 6.1967 1200 
v vmax + | 6.1967 115 0 
v vmax + | 6.1967 1100 
v vmax + | 6.1967 105 0 
v vmax + | 6.1967 100 0 
v vmax + | 6.1967 95 0 
v vmax + | 6.1967 90 0 
v vmax + | 6.1967 85 0 
v vmax + | 6.1967 80 0 
v vmax + | 6.1967 75 0 
v vmax + | 6.1967 70 0 
v vmax + | 6.1967 65 0 
v vmax + | 6.1967 60 0 
v vmax + | 6.1967 55 0 
v vmax + | 6.1967 50 0 
v vmax + | 6.1967 45 0 
v vmax + | 6.1967 40 0 
v vmax + | 6.1967 35 0 
v vmax + | 6.1967 30 0 
v vmax + | 6.1967 25 0 





csys 3 
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v vmax + 1| 0 2.4157 -5.6827 
v vmax + | 0 2.4057 -5.6731 
v vmax + 1 0 2.3921 -5.6666 
v vmax + | 0 2.3789 -5.6648 
v vmax + | 0 2.3645 -5.6673 
v vmax + | 0 2.3603 -5.6574 





csys 2 


v vmax + | clnc 250 
v vmax + | clnc 300 
v vmax + | clnc 350 
v vmax + | clnc 40 0 
v vmax + | clnc 45 0 
v vmax + | clnc 500 
v vmax + | clnc 550 
v vmax + | clnc 60 0 
v vmax + | clnc 65 0 
v vmax + | clnc 700 
v vmax + | clnc 75 0 
v vmax + | clnc 80 0 
v vmax + | clnc 85 0 
v vmax + | clnc 90 0 
v vmax + | clnc 95 0 
v vmax + | clnc 100 0 
v vmax + | clnc 105 0 
v vmax + | clnc 1100 
v vmax + | clnc 1150 
v vmax + | clnc 1200 
v vmax + | clne 125 0 





vmax 
vp 


spldelete all 

#def bp1 vmax - 52 

spline 1 vlist vmax - 53 -bp1 vmax - 51 vmax - 50 vmax - 49 vmax - 48 

spline 2 vran vmax - 48 vmax - 26 1 

#def bp3 vmax - 22 

spline 3 vlist vmax - 26 vmax - 25 vmax - 24 vmax - 23 -bp3 vmax - 21 
spline 4 vlist vmax - 21 vmax - 20 vmax - 19 vmax - 18 vmax - 17 vmax - 16 vmax - 15 vmax - 14 vmax - 13 
vmax - 12 vmax - 11 vmax - 10 vmax - 9 vmax - 8 vmax - 7 vmax - 6 vmax - 5 vmax - 4 vmax - 3 vmax - 2 
vmax - 1 vmax vmax - 53 


sp 


csys 3 
vcopy 2 54 vran vmax - 53 vmax | span 0 0 
vp 


#def bp5 vmax - 52 

spline 5 vlist vmax - 53 -bp5 vmax - 51 vmax - 50 vmax - 49 vmax - 48 

spline 6 vran vmax - 48 vmax - 26 1 

#def bp7 vmax - 22 

spline 7 vlist vmax - 26 vmax - 25 vmax - 24 vmax - 23 -bp7 vmax - 21 
spline 8 vlist vmax - 21 vmax - 20 vmax - 19 vmax - 18 vmax - 17 vmax - 16 vmax - 15 vmax - 14 vmax - 13 
vmax - 12 vmax - 11 vmax - 10 vmax - 9 vmax - 8 vmax - 7 vmax - 6 vmax - 5 vmax - 4 vmax - 3 vmax - 2 
vmax - 1 vmax vmax - 53 

sp 

vmax 


bldelete all 
block 9 vmax - 48 vmax - 26 vmax - 21 vmax - 53 vmax - 102 vmax - 80 vmax - 75 vmax - 107 
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blfactors 


blex 9 


9 50 5 spnblk 3 


/////Intake Second Block////////MHHIMM//1 
vset none 


csys 3 


v vmax + | 0 4.9571 3.7183 
v vmax + | 0 5.0204 3.7809 
v vmax + 1 0 5.0811 3.8448 
v vmax + | 0 5.1426 3.9136 
v vmax + 1 0 5.2094 3.9943 
v vmax + 1| 0 5.4164 4.2939 
v vmax + | 0 5.6144 4.6854 
v vmax + | 0 5.7769 5.1999 
v vmax + | 0 5.8362 5.7068 
v vmax + | 0 5.7902 6.2869 
v vmax + 1 0 5.6351 6.9151 
v vmax + 1 0 5.2369 7.9234 
v vmax + | 0 3.35 11.56 


Vv vmax + 





+ 1 0 -3.007 23.8109//// 


/v vmax + 1 0 9.16 6.56 //Adjusted point from z=11.56 
//Iy vmax + 1 0 11.16 2 //Added to adjust grid 


/v vmax + 1 0 11.16 -6.56 //Added for smoothness 


csys 2 





v vmax + | 24 180 0 
v vmax + | 24 170 0 
v vmax + | 24 160 0 
v vmax + | 24 150 0 
v vmax + | 24 140 0 
v vmax + | 24 1300 
v vmax + | 24 1200 
v vmax + 1 241100 
v vmax + | 24 100 0 
v vmax + | 24900 
v vmax + | 24 800 
v vmax + 1 24 700 
v vmax + | 24 600 


csys 3 


v vmax + | 0 19.3968 -14.1337//// 

v vmax + 1 0 9.16 -11.05 

v vmax + | 0 7.07 -10.42 

v vmax + | 0 4.26 -8.21 

v vmax + | 0 2.78 -6.41 

v vmax + | 0 2.53 -6.00 //added for continuity 
v vmax + | 0 2.4157 -5.6827 


csys 2 





v vmax + | 6.1967 125 0 
v vmax + | 6.1967 1200 
v vmax + 1 6.1967 115 0 
v vmax + | 6.1967 1100 
v vmax + | 6.1967 105 0 
v vmax + 1 6.1967 100 0 
v vmax + | 6.1967 95 0 
v vmax + | 6.1967 90 0 
v vmax + | 6.1967 85 0 
v vmax + | 6.1967 80 0 
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v vmax + | 6.1967 75 0 
v vmax + | 6.1967 70 0 
v vmax + | 6.1967 65 0 
v vmax + | 6.1967 60 0 
v vmax + | 6.1967 55 0 
v vmax + 1| 6.1967 50 0 
v vmax + | 6.1967 45 0 
v vmax + | 6.1967 40 0 
v vmax + | 6.1967 35 0 
v vmax + | 6.1967 30 0 
v vmax + | 6.1967 25 0 
vp 

vmax 





spldelete all 

spline 1 vran vmax - 54 vmax - 41 1 

spline 2 vran vmax - 41 vmax - 27 1 

spline 3 vran vmax - 27 vmax - 21 1 

spline 4 vlist vmax - 21 vmax vmax - | vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 vmax - 9 
vmax - 10 

spline 4 vlist vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax - 16 vmax - 17 vmax - 18 vmax - 19 vmax - 
20 vmax - 54 

sp 

csys 3 

vcopy 2 55 vran vmax - 54 vmax | span 0 0 

vp 


spline 5 vran vmax - 54 vmax - 41 1 

spline 6 vran vmax - 41 vmax - 27 1 

spline 7 vran vmax - 27 vmax - 21 1 

spline 8 vlist vmax - 21 vmax vmax - 1 vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 vmax - 9 
vmax - 10 

spline 8 vlist vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax - 16 vmax - 17 vmax - 18 vmax - 19 vmax - 
20 vmax - 54 

sp 

vmax 

bldelete all 

block 10 vmax - 54 vmax - 41 vmax - 27 vmax - 21 vmax - 109 vmax - 96 vmax - 82 vmax - 76 

blfactors 10 20 50 spnblk 4 

bled 10 1 20 1.1 

bled 10 4 20 1.1 

bled 10 2 20 1/1.1 

bled 103 20 1/1.1 

blex 10 


cset news cgro 4 


cp 
cset cgro 3 


#def cm1 12310 
/////Build inner fan mesh///////////[[///11[[[/// 
#def vm1 vmax 

cgro | 

csys 2 

v vmax + 1 3 1350 

v vmax + 1 4.15 1350 
v vmax + | 4.15 1250 
v vmax + 1 4.15 1150 
v vmax + 1 4.15 105 0 
v vmax + 1 4.15 950 
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v vmax + 1 4.15 850 

vvmax + 1 4.15 75 0 

v vmax + | 4.15 65 0 

v vmax + 1 4.15 550 

v vmax + 1 4.15 450 

v vmax + 1 3 45 0 

vp 

spline 9 vlist vmax - 11 vmax - 10 
spline 10 vran vmax - 10 vmax - 1 1 
spline 11 vlist vmax - 1 vmax 
spline 12 vlist vmax vmax - 11 

sp 

vset none 

vset news vran vmax - 11 vmax | 
vcopy 2 12 vset 0 0 span 


vp 





spline 13 vlist vmax - 11 vmax - 10 
spline 14 vran vmax - 10 vmax - 1 1 
spline 15 vlist vmax - 1 vmax 
spline 16 vlist vmax vmax - 11 

sp 

block 2 vmax - 23 vmax - 22 vmax - 10 vmax - 11 vmax - 12 vmax - 13 vmax - | vmax 
blplot 

blfactors 2 10 spnblk 30 1 

bled 21101/1.4 

bled 22101/1.4 

bled 23 101.4 

bled 24 101.4 


blex 2 
cset cgro | 
view 100 


vset news cset 


vp 
cset news cgro | 


#def vm2 vmax - vm1 


mecopy 4 vm2 0 90 0 active 
cset news cgro | 


cp 


/////Build inner fan mesh center block///////////// 

vmax 

csys 0 

cgro | 

mcrea 0 span spnblk -2.12132 2.12132 30 -2.12132 2.12132 30111 
cset cgro | 


cp 


vset news cset 

vp 

vmerge vset 

csys 0 

/////Build LP cavity///MMMMMMM/// 
///LP First Block////////////1 
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vset none 

vset news 

csys 3 

v vmax + | 0 2.3603 -5.6574 
v vmax + 1| 0 2.3645 -5.6673 
v vmax + | 0 2.3516 -5.6744 
v vmax + | 0 2.3407 -5.6866 
v vmax + 1| 0 2.3344 -5.7035 
v vmax + 1 0 2.3351 -5.7205 
vp 
csys 2 
v vmax + | 6.1787 20 0 
v vmax + | 6.1787 15 0 
v vmax + 1| 6.1787 10 0 
v vmax + | 6.1787 5 0 
v vmax + | 6.1787 00 
v vmax + | 6.1787 -5 0 
v vmax + | 6.1787 -10 0 
v vmax + | 6.1787 -15 0 
v vmax + | 6.1787 -20 0 
v vmax + | 6.1787 -25 0 
v vmax + | 6.1787 -300 
v vmax + | 6.1787 -35 0 
v vmax + | 6.1787 -40 0 
v vmax + | 6.1787 -45 0 
v vmax + | 6.1787 -50 0 
vp 
csys 3 
v vmax + | 0 -4.8676 -3.8054 
v vmax + | 0 -4.8818 -3.7668 
v vmax + | 0 -4.8459 -3.7542 
vp 
csys 2 
v vmax + | clnc -50 0 
v vmax + | clnc -45 0 
v vmax + | clnc -40 0 
v vmax + | clnc -35 0 
v vmax + | clnc -30 0 
v vmax + | clnc -25 0 
v vmax + | clnc -20 0 
v vmax + | clnc -15 0 
v vmax + | clnc -10 0 
v vmax + | clne -5 0 
v vmax + | clnc 00 
v vmax + | clnc 50 
v vmax + | clnc 100 
v vmax + | clnc 150 
v vmax + | clnc 200 


vp 





vmax 
spldelete all 

#def bp1 vmax - 37 

spline 1 vlist vmax - 38 -bp1 vmax - 36 vmax - 35 vmax - 34 vmax - 33 

spline 2 vran vmax - 33 vmax - 17 1 

#def bp3 vmax - 16 

spline 3 vlist vmax - 17 -bp3 vmax - 15 

spline 4 vlist vmax - 15 vmax - 14 vmax - 13 vmax - 12 vmax - 11 vmax - 10 vmax - 9 vmax - 8 vmax - 7 vmax - 6 
vmax - 5 vmax - 4 vmax - 3 vmax - 2 vmax - 1 vmax vmax - 38 


sp 
vcopy 2 39 vset 0 0 span 
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vp 

#def bp5 vmax - 37 

spline 5 vlist vmax - 38 -bp5 vmax - 36 vmax - 35 vmax - 34 vmax - 33 

spline 6 vran vmax - 33 vmax - 17 1 

#def bp7 vmax - 16 

spline 7 vlist vmax - 17 -bp7 vmax - 15 

spline 8 vlist vmax - 15 vmax - 14 vmax - 13 vmax - 12 vmax - 11 vmax - 10 vmax - 9 vmax - 8 vmax - 7 vmax - 6 
vmax - 5 vmax - 4 vmax - 3 vmax - 2 vmax - 1 vmax vmax - 38 


sp 


vmax 

bldelete all 

block 11 vmax - 38 vmax - 33 vmax - 17 vmax - 15 vmax - 77 vmax - 72 vmax - 56 vmax - 54 
blplot 

blfactors 11 5 30 spnblk 5 

blex 11 


/////LP Second Block////////MMM///// 
vset news none 


csys 3 

v vmax + 1| 0 2.3351 -5.7205 
v vmax + | 0 2.3576 -5.8582 
v vmax + | 0 2.3791 -6.0989 
v vmax + | 0 2.3753 -6.3741 
v vmax + | 0 2.3418 -6.649 

v vmax + | 0 2.2034 -7.0359 
v vmax + | 0 1.8774 -7.4162 
v vmax + | 0 1.4134 -7.7727 
v vmax + | 0 .4909 -7.9588 

v vmax + | 0 -.2726 -7.9034 
v vmax + | 0 -1.2811 -7.5651 
v vmax + | 0 -2.0786 -7.1576 
v vmax + | 0 -2.8812 -6.5783 
v vmax + 1 0 -3.5716 -5.8094 
v vmax + | 0 -4.21 -4.9431 

v vmax + | 0 -4.6805 -4.188 
v vmax + | 0 -4.8676 -3.8054 
v vmax + | 0 -4.8676 -3.8054 





csys 2 


v vmax + | 6.1787 20 0 
v vmax + | 6.1787 15 0 
v vmax + | 6.1787 10 0 
v vmax + | 6.1787 5 0 

v vmax + | 6.1787 00 

v vmax + | 6.1787 -5 0 

v vmax + | 6.1787 -10 0 
v vmax + | 6.1787 -15 0 
v vmax + | 6.1787 -20 0 
v vmax + | 6.1787 -25 0 
v vmax + | 6.1787 -30 0 
v vmax + | 6.1787 -35 0 
v vmax + | 6.1787 -40 0 
v vmax + | 6.1787 -45 0 
v vmax + | 6.1787 -50 0 


csys 3 
v vmax + | 0 2.3351 -5.7205 
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vmax 
vp 

spldelete all 

spline 1 vran vmax - 33 vmax - 17 1 

spline 2 vlist vmax - 16 vmax - 1 vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 vmax - 9 vmax - 10 
vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax 


sp 
csys 2 


vcopy 2 34 vset 0 0 span 

vp 

vmax 

spline 3 vran vmax - 33 vmax - 17 1 

spline 4 vlist vmax - 16 vmax - 1 vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 vmax - 9 vmax - 10 
vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax 


sp 


bldelete all 

block 12 vmax - 33 vmax - 17 vmax - 16 vmax vmax - 67 vmax - 51 vmax - 50 vmax - 34 
blfactors 12 30 10 spnblk 6 

bled 12 1301/1.01 

bled 12 4301/1.01 

blex 12 

cset news cgro 6 

cp 

/////Build Exhaust WallW/////M///////MI[/MIMI HMI 
/////First Block///////II[1/// 

save 22 


resu 22 
vset none 


cset news 

cgro 4 

vset none 

#def vmo vmax 


csys 3 

v vmax + | 0 -4.8459 -3.7542 
v vmax + | 0 -4.8818 -3.7668 
v vmax + | 0 -4.8863 -3.7626 
v vmax + | 0 -4.9088 -3.7547 
v vmax + | 0 -4.9347 -3.7653 
v vmax + | 0 -4.9454 -3.7909 
vp 
csys 2 
v vmax + | 6.2312 305 0 
v vmax + | 6.2312 300 0 
v vmax + | 6.2312 295 0 
v vmax + | 6.2312 290 0 
v vmax + | 6.2312 285 0 
v vmax + | 6.2312 2800 
v vmax + | 6.2312 275 0 
v vmax + | 6.2312 2700 
v vmax + | 6.2312 265 0 
v vmax + | 6.2312 260 0 
v vmax + | 6.2312 255 0 
v vmax + | 6.2312 2500 
v vmax + | 6.2312 245 0 
v vmax + | 6.2312 2400 
v vmax + | 6.2312 235 0 
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v vmax + 1| 6.2312 2300 
v vmax + | 6.2312 225 0 
v vmax + 1| 6.2312 2200 
v vmax + | 6.2312 2150 
v vmax + 1 6.2312 2100 
v vmax + | 6.2312 205 0 
v vmax + 1| 6.2312 200 0 
v vmax + 1 6.2312 195 0 
v vmax + 1| 6.2312 1900 


csys 3 
v vmax + | 0 -1.0097 6.1489 
v vmax + | 0 0.0089 6.1376 
v vmax + 1 0 0.0089 6.13 





csys 2 
v vmax + | 6.13 305 0 
v vmax + | 6.13 300 0 
v vmax + | 6.13 295 0 
v vmax + | 6.13 290 0 
v vmax + | 6.13 285 0 
v vmax + | 6.13 2800 
v vmax + | 6.13 275 0 
v vmax + | 6.13 2700 
v vmax + | 6.13 265 0 
v vmax + | 6.13 260 0 
v vmax + | 6.13 255 0 
v vmax + | 6.13 2500 
v vmax + | 6.13 245 0 
v vmax + | 6.13 240 0 
v vmax + | 6.13 235 0 
v vmax + | 6.13 2300 
v vmax + | 6.13 2250 
v vmax + | 6.13 2200 
v vmax + 1 6.13 2150 
v vmax + | 6.13 2100 
v vmax + | 6.13 205 0 
v vmax + | 6.13 200 0 
v vmax + 1 6.13 195 0 
v vmax + | 6.13 1900 


v vmax + | 6.13 1870 
v vmax + | 6.13 185 0 
v vmax + | 6.13 183 0 
v vmax + | 6.13 181.50 
#def dvm vmax - vmo 
save 18 





resu 18 
vp 


spldelete all 

#def bp1 vmax - 59 

spline 1 vlist vmax - 60 -bp! vmax - 58 vmax - 57 vmax - 56 vmax - 55 
#def bp2 vmax - 30 

spline 2 vran vmax - 55 vmax - 29 

splm 2 modi vmax - 30 vmax - 30 * -1 

spline 3 vlist vmax - 29 vmax - 28 

save 19 


resu 19 
sp 


a 


spline 4 vlist vmax - 28 vmax * -] vmax - | vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 

spline 4 vlist vmax - 9 vmax - 10 vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax - 16 vmax - 17 

spline 4 vlist vmax - 18 vmax - 19 vmax - 20 vmax - 21 vmax - 22 vmax - 23 vmax - 24 vmax - 25 vmax - 26 vmax - 
27 vmax - 60 


sp 
vcopy 2 dvm vset 0 0 span 


#def bp5 vmax - 59 

spline 5 vlist vmax - 60 -bp5 vmax - 58 vmax - 57 vmax - 56 vmax - 55 

#def bp6 vmax - 30 

spline 6 vlist vmax - 55 vmax - 54 vmax - 53 vmax - 52 vmax - 51 vmax - 50 vmax - 49 vmax - 48 vmax - 47 

spline 6 vlist vmax - 46 vmax - 45 vmax - 44 vmax - 43 vmax - 42 vmax - 41 vmax - 40 vmax - 39 vmax - 38 vmax - 
37 vmax - 36 vmax - 35 vmax - 34 vmax - 33 vmax - 32 vmax - 31 -bp6 vmax - 29 

spline 7 vlist vmax - 29 vmax - 28 

spline 8 vlist vmax - 28 vmax * -1 vmax - 1 vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 

spline 8 vlist vmax - 9 vmax - 10 vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax - 16 vmax - 17 vmax - 18 
vmax - 19 vmax - 20 vmax - 21 vmax - 22 vmax - 23 vmax - 24 vmax - 25 vmax - 26 vmax - 27 vmax - 60 


sp 


bldelete all 
block 13 vmax - 29 vmax - 28 vmax - 60 vmax - 55 vmax - 90 vmax - 89 vmax - 121 vmax - 116 


blfactors 13 5 70 spnblk 7 

blex 13 

cset news cglist 7 2 

VIEW — 1.0000e+000 0.0000e+000 0.0000e+000 

VUP 0.0000e+000 =1.0000e+000  0.0000e+000 

FOCAL COORD — 2.5000e-001 -6.5494e-001 6.0758e+000 
SCALE VALUE  4.0470e-001 

cp 

save 23 


resu 23 

autosc on 

focal center 

/////Exhaust Duct Second Block//////////////// 
vset none 

csys 3 

v vmax + | 0 -4.9454 -3.7909 

v vmax + 1 0 -7.2027 -3.7909//bp? 
v vmax + | 0 -9.46 -3.7909 

vp 

csys 0 

local 4 cyli 0 -0.57 -2.72 090000 
csys 4 

v vmax + | 8.89 -90 0 

v vmax + | 8.89 -95 0 

v vmax + | 8.89 -100 0 

v vmax + | 8.89 -105 0 

v vmax + 1 8.89 -1100 

v vmax + | 8.89 -1150 

v vmax + | 8.89 -120 0 

v vmax + | 8.89 -125 0 

v vmax + | 8.89 -1300 

v vmax + | 8.89 -135 0 

v vmax + | 8.89 -140 0 

v vmax + | 8.89 -145 0 

v vmax + | 8.89 -150 0 

v vmax + | 8.89 -155 0 

v vmax + | 8.89 -160 0 
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v vmax + 1 8.89 -165 0 
v vmax + | 8.89 -170 0 


csys 3 
v vmax + | 0 -1.0097 6.1489 
v vmax + 1 0 -1.0097 6.1489 





vp 


csys 2 

v vmax + | 6.2312 305 0 
v vmax + | 6.2312 300 0 
v vmax + | 6.2312 295 0 
v vmax + | 6.2312 290 0 
v vmax + | 6.2312 285 0 
v vmax + | 6.2312 280 0 
v vmax + | 6.2312 275 0 
v vmax + | 6.2312 2700 
v vmax + 1| 6.2312 265 0 
v vmax + | 6.2312 260 0 
v vmax + | 6.2312 255 0 
v vmax + | 6.2312 2500 
v vmax + | 6.2312 245 0 
v vmax + | 6.2312 240 0 
v vmax + | 6.2312 235 0 
v vmax + | 6.2312 2300 
v vmax + | 6.2312 225 0 
v vmax + 1 6.2312 2200 
v vmax + | 6.2312 2150 
v vmax + | 6.2312 2100 
v vmax + | 6.2312 205 0 
v vmax + 1 6.2312 200 0 
v vmax + | 6.2312 195 0 
v vmax + | 6.2312 1900 





vp 
vmax 


spldelete all 

spline 1 vran vmax - 45 vmax - 43 1 

spline 2 vran vmax - 43 vmax - 25 1 

spline 3 vlist vmax - 24 vmax vmax - 1 vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 

spline 3 vlist vmax - 9 vmax - 10 vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax - 16 vmax - 17 vmax - 18 
vmax - 19 vmax - 20 vmax - 21 vmax - 22 vmax - 23 vmax - 45 

sp 

vmax 


save 44 


resu 44 

vcopy 2 46 vset 0 0 span 
vp 

vmax 


spline 4 vran vmax - 45 vmax - 43 1 

spline 5 vran vmax - 43 vmax - 25 1 

spline 6 vlist vmax - 24 vmax vmax - | vmax - 2 vmax - 3 vmax - 4 vmax - 5 vmax - 6 vmax - 7 vmax - 8 

spline 6 vlist vmax - 9 vmax - 10 vmax - 11 vmax - 12 vmax - 13 vmax - 14 vmax - 15 vmax - 16 vmax - 17 vmax - 18 
vmax - 19 vmax - 20 vmax - 21 vmax - 22 vmax - 23 vmax - 45 


sp 
bldelete all 
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block 14 vmax - 25 vmax - 24 vmax - 45 vmax - 43 vmax - 71 vmax - 70 vmax - 91 vmax - 89 


blfactors 14 10 30 spnblk 8 
bled 145 30 1/ 1.01025 
bled 14 6 30 1/ 1.01025 
bled 14 7 30 1 

bled 14 8 30 1 

blex 14 


cset news cgro 8 
cp 


vmax 


/////Build Exhaust Wall Extension////////////IM[ MMMM III 


csys 3 

vset none 

v vmax + | 0 -4.9454 -3.7909 
v vmax + 1 0 -7.2027 -3.7909 
v vmax + 1 0 -9.46 -3.7909 

v vmax + 1 0 -4.9454 -8.825 
v vmax + 1 0 -7.2027 -8.825 
v vmax + | 0 -9.46 -8.825 


vp 





spldelete all 

#def bp1 vmax - 4 

spline 1 vlist vmax - 3 -bp1 vmax - 5 
spline 2 vlist vmax - 5 vmax - 2 
#def bp3 vmax - 1 

spline 3 vlist vmax - 2 -bp3 vmax 
spline 4 vlist vmax vmax - 3 

sp 


vcopy 2 6 vset span 0 0 

vp 

#def bp5 vmax - 4 

spline 5 vlist vmax - 3 -bp5 vmax - 5 
spline 6 vlist vmax - 5 vmax - 2 
#def bp7 vmax - 1 

spline 7 vlist vmax - 2 -bp7 vmax 
spline 8 vlist vmax vmax - 3 

sp 


vmax 


bldelete all 

block 6 vmax - 3 vmax - 5 vmax - 2 vmax vmax - 9 vmax - 11 vmax - 8 vmax - 6 
blfactors 6 10 10 spnblk 9 

blex 6 


////Build HP Cavity////////MMMMMMIMIMM MMM 
/II/PHPC First Block//////M//////// 

csys 0 

csys 3 

vset none 

vset news 


v vmax + | 0 4.8676 3.726 
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v vmax + | 0 4.8852 3.7369 
v vmax + | 0 4.8757 3.7578 
v vmax + | 0 4.8741 3.7775 
v vmax + | 0 4.8790 3.7954 
v vmax + | 0 4.8871 3.8086 
v vmax + 1 0 4.9406 3.8754 





csys 2 


v vmax + | 6.2792 175 0 
v vmax + | 6.2792 1700 
v vmax + | 6.2792 165 0 
v vmax + | 6.2792 1600 
v vmax + | 6.2792 155 0 
v vmax + | 6.2792 150 0//breakpoint 
v vmax + | 6.2792 145 0 
v vmax + | 6.2792 1400 
v vmax + | 6.2792 135 0 
v vmax + | 6.2792 1300 





csys 3 


v vmax + | 0 -.0605 6.2789 
v vmax + 1 0 .0075 6.2675 
v vmax + 1 0 .0329 6.262 
v vmax + | 0 .053 6.249 

v vmax + | 0 .0655 6.2324 
v vmax + | 0 .0729 6.2016 
v vmax + | 0 .0676 6.1767 
v vmax + 1 0 .0516 6.1543 
v vmax + 1 0 .0324 6.1423 
v vmax + 1 0 .0089 6.1376 
v vmax + 1 0 .0089 6.13 





csys 2 


v vmax + | clnec 175 0 
v vmax + | clnc 1700 
v vmax + | clnc 165 0 
v vmax + | clnc 1600 
v vmax + | clnc 155 0 
v vmax + 1 clnc 150 0//breakpoint 
v vmax + | clnce 145 0 
v vmax + | clnce 1400 
v vmax + | clne 135 0 
v vmax + | clne 1300 
v vmax + | clne 127.5 0 


vp 





vmax 

spldelete all 

#def bp1 vmax - 37 

spline 1 vlist vmax - 38 -bp1 vmax - 36 vmax - 35 vmax - 34 vmax - 33 vmax - 32 

spline 2 vlist vmax - 32 vmax - 22 vmax - 23 vmax - 24 vmax - 25 vmax - 26 vmax - 27 vmax - 28 vmax - 29 vmax - 
30 vmax - 31 vmax - 21 

#def bp3 vmax - 12 

spline 3 vlist vmax - 21 vmax - 20 vmax - 19 vmax - 18 vmax - 17 vmax - 16 vmax - 15 vmax - 14 vmax - 13 -bp3 
vmax - 11 

spline 4 vlist vmax - 11 vmax - 10 vmax - 9 vmax - 8 vmax - 7 vmax - 6 vmax - 5 vmax - 4 vmax - 3 vmax - 2 vmax - | 
vmax vmax - 38 


sp 


ie 


csys 3 
vcopy 2 39 vset span 0 0 
vp 


#def bp5 vmax - 37 

spline 5 vlist vmax - 38 -bp5 vmax - 36 vmax - 35 vmax - 34 vmax - 33 vmax - 32 

spline 6 vlist vmax - 32 vmax - 22 vmax - 23 vmax - 24 vmax - 25 vmax - 26 vmax - 27 vmax - 28 vmax - 29 vmax - 
30 vmax - 31 vmax - 21 

#def bp7 vmax - 12 

spline 7 vlist vmax - 21 vmax - 20 vmax - 19 vmax - 18 vmax - 17 vmax - 16 vmax - 15 vmax - 14 vmax - 13 -bp7 
vmax - 11 

spline 8 vlist vmax - 11 vmax - 10 vmax - 9 vmax - 8 vmax - 7 vmax - 6 vmax - 5 vmax - 4 vmax - 3 vmax - 2 vmax - | 
vmax vmax - 38 


sp 
vmax 


bldelete all 

block 7 vmax - 21 vmax - 32 vmax - 38 vmax - 11 vmax - 60 vmax - 71 vmax - 77 vmax - 50 
blfactors 7 20 10 spnblk 10 

blex 7 

cset news cgro 10 


cp 


/II/THPC Second Block///W/MMMMMMMMMMMIMI 
vset none 
csys 3 


v vmax + | 0 4.9406 3.8754 
v vmax + 1 05.29 4.5 

v vmax + 1 05.59 5.68 

v vmax + | 0 5.29 6.99 

v vmax + | 0 5.05 7.4156 

v vmax + | 0 4.2003 8.3185 
v vmax + | 0 3.3509 8.9136//breakpoint ????? 
v vmax + | 0 2.9006 9.1322 
v vmax + | 0 2.502 9.2577 
v vmax + | 0 1.77 9.35 

v vmax + | 0.8759 9.221 

v vmax + 1 00 8.84 

v vmax + | 0 -.58 8.16 

v vmax + | 0 -.79 7.39 

v vmax + | 0 -.6908 7.0132 
v vmax + | 0 -.5907 6.7994 
v vmax + | 0 -.3601 6.4987 
v vmax + | 0 -.2105 6.3704 
v vmax + | 0 -.0605 6.2789 
v vmax + | 0 -.0605 6.2789 


vp 





csys 2 


v vmax + | 6.2792 175 0 
v vmax + | 6.2792 1700 
v vmax + | 6.2792 165 0 
v vmax + | 6.2792 160 0 
v vmax + | 6.2792 155 0 
v vmax + 1 6.2792 150 0//breakpoint 
v vmax + | 6.2792 145 0 
v vmax + | 6.2792 140 0 
v vmax + | 6.2792 135 0 
v vmax + | 6.2792 1300 
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csys 3 


v vmax + | 0 4.9406 3.8754 


vp 
vmax 


spldelete all 

spline 1 vran vmax - 30 vmax - 12 1 
spline 2 vran vmax - 11 vmax 1 

sp 


vcopy 2 31 vset span 0 0 
vp 


spline 3 vran vmax - 30 vmax - 12 1 
spline 4 vran vmax - 11 vmax 1 
sp 


bldelete all 

block 8 vmax - 12 vmax - 30 vmax vmax - 11 vmax - 43 vmax - 61 vmax - 31 vmax - 42 
blfactors 8 30 10 spnblk 11 

blex 8 

cset news cgro 11 

cset all 


cp 


view -100 

cp 

LLL 
MMMM 1] COMPLETE WITH STRUCTUREI////////MMHHMMMMMMMMMMMM LL 
TLL 

save 33 


resu 33 
/////Merge vertices in non-sliding cell groups//////////// 
cset none 

cset news cgro 2 
cset cgro 3 

cset cgro 4 

cset cgro 5 

cset cgro 6 

cset cgro 7 

cset cgro 8 

cset cgro 9 

cset cgro 10 
cset cgro 11 


cp 


vset news cset 
vmerge vset 0.0005 


cset news cgro 3 
cset cgro 10 

cp 

vset news cset 
vmerge vset 0.0001 


cset news cgro 8 
cset cgro 9 

cp 

vset news cset 


fai 


vmerge vset 0.0001 
save 66 


resu 66 

/////Find embedded cell sets//////MM//MIMIMMM/11 
cset news cgro 3 

vedis cset 

cset cgro 2 

cp 

esfind 2 3 0.01 10 11 12 


cset news cgro 2 

csys 2 

cset gxyzrange 5 6.13 6.135 0 22 0 span 
cset gxyzrange 5 6.13 6.135 300 360 0 span 


cp 


cp 
esfind 2 5 0.02 30 11 12 


cset news cgro 5 

cset cgro 6 

cp 

esfind 5 6 0.01 30 11 12 


cset news cgro 3 

cset cgro 4 

cp 

esfind 3 4 0.005 30 11 12 


cset news cglist 2 7 
csys 2 

cp 

esfind 2 7 0.02 30 11 12 


cset news cgro 2 

cset cgro 10 

cp 

esfind 2 10 0.05 30 11 12 


cset news cgro 7 

cset cgro 8 

cp 

esfind 8 7 0.02 10 11 12 


cset news cgro 7 

cset cgro 10 

cp 

esfind 10 7 0.0001 10 11 12 


cset news cgro 7 

cset cgro 5 

cp 

esfind 5 7 0.0001 10 11 12 


cset news cgro 10 

cset cgro 11 

cp 

esfind 10 11 0.005 30 11 12 
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/////Compress all vertex and cell numbers///////////////// 


save | 
resu | 


// Boundaries 

// Inlet 

cset none 

cset cgro 4 

view 100 

cp 

bface 1 east 
bset news bgro 1 
bp 


// Outlet 

cset none 
cset cgro 9 
view 00-1 
cp 

bface 2 north 
bset bgro 2 
bp 


// Symmetry 

// Merge vertices first otherwise 
// boundaries will be created on axis 
csys 3 

cset all 

view 100 

pltype hsurf 

cp 

bview 3 10 

view -100 

pltype hsurf 

cp 

bview 3 10 


// Attached boundary 1 

csys 2 

cset news cgro 0 

cset news gxyzrange 0 6 6.2 0 360 0 span 
view 111 

cp 

bface 4 east 

bset news bgro 4 

bp 


// Attached boundary 2 
cset news cgro 2 

view 111 

cp 

bface 5 west 

bset bgro 5 

bp 


//Attached Boundary 3 

csys 2 

cset news cgro 0 

cset news gxyzrange 0 4.15 4.2 0 360 0 span 


a9 


view 111 

cp 

bface 6 west 
bset news bgro 6 
bp 


//Attached Boundary 4 


cset news cgro | 

cset news gxyzrange | 4.0 4.15 0 360 0 span 
view 111 

cp 

bface 7 east 

bset news bgro 7 

bp 

bset bgro 6 


resu 2 

movi on stand //yes 

#def step 1.5e-6 0 

// Note 1 

// NB Watch out for this: 

// #def speed 5000 //in RPM 

// rather use this: 

#def speed 3000 0 //in RPM 


unst on step fixed 10 1 //1 1.05 
unst on step adjust 10 1.2 10 


#def dpt speed * 360 / 60 * step 0 
slide on 


ssdef 1 2 0 0 speed / 2 0 arbitr 4 5 0.000001 20 const 0 0 2 
ssdef 2 2 0 0 speed / 2 0 arbitr 6 7 0.000001 20 const 00 1 


ssdef 1 2 0 0 speed / 2 0 arbitr 45 0.0001 10 const 0 02 
ssdef 2 2 0 0 speed / 2 0 arbitr 6 7 0.0003 10 const 0 0 1 


bgdef 4 attach 
20 
bgdef 5 attach 
20 
bgdef 6 attach 
20 
bgdef 7 attach 
20 


//energy on 
bgdef 3 symm 


bgdef 1 pres 

-3000 300 0.05 0.001 

//ogdef 1 inlet const 

//2 -12.62 00 1.2 0.05 0.001 0.001 
bgdef 2 pres 

0 300 0.05 0.001 
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mdef 0 fluid 


cgdef 0 0 
cgdef 1 0 
cgdef 2 0 
cgdef 3 0 
cgdef 4 0 
cgdef 5 0 
cgdef 6 0 
cgdef 7 0 
cgdef 8 0 
cgdef 9 0 
cgdef 10 0 
cgdef 110 


save 5 
resu 5 


cset all 

vset news cset 
vset unsel 
vdel vset 


vcomp all 
ccomp all 
wmesh .0254 


mate 0 
turb on 
dens const 1.204 


//density ideal yes 28.7 
vise const 0.000018 
pgrad zero 

pref 100000 cm1 


rest init 

iter 60000 100 1000 

//restart previous 496 

unst on le-6 adjust 1 1.5 50 
unst on le-6 adjust 0.9 1.2 50 
conv 0.001 

switch 21 on 

wdef 


Save 


plty wire 
view 123 
bset news bgro 1 


bset bgro 0 
bset bgro 1 
bset bgro 2 
bset bgro 4 
bset bgro 5 
bset bgro 6 
bset bgro 7 
bp 
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